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by the editor 
New faculty 
With the beginning of a new year, the 
campus seems to abound in new stu-
dents. This year WPI also has an espe-
cially heavy influx of new faculty blood. 
There are 19 new members this year, out 
ofa total of 173 full-time teaching fac-
ulty. This 11 percent change is almost 
three times the turnover a year ago. 
Vice President and Dean of Faculty 
Ray Bolz attributes the large change to 
several factors. "There were five retire-
ments, an unusually high number. Two 
of the faculty who left had only tempo-
rary appointments, and three more were 
accounted for in the Military Science 
department - they, of course, are rotated 
by the Army. In addition, several of our 
people had extremely attractive outside 
offers." 
Musical offices 
To an outside observer it may very well 
have seemed that the WPI adminis-
trative staff who inhabit Boynton Hall 
were playing some crazy sort of game 
this summer in which people and furni-
ture were shuffled around from room to 
room. 
All told, more than twenty people 
were shifted as Boynton Hall creaked 
and groaned and managed to accom-
modate a few extra people and office 
spaces. 
One of the major undertakings 
involved enlarging the Admissions area 
to include a bigger waiting room, a spe-
cial room for audiovisual presentations, 
a conference room, and an office for 
Financial Aid Director Edgar F. 
Heselbarth. 
The space that Admissions got was 
taken from Business Affairs, as Con-
troller William Barrett moved over to 
what used to be the Information Office 
and Vice President David E. Lloyd 
moved up to the third floor, taking what 
used to house the offices of the Worcester 
Consortium for Higher Education (now 
located downtown). 
The Registrar's Office, bursting to the 
seams, was "enlarged" by removing the 
inside counter and building a shelf along 
the corridor wall below a window for 
counter service. 
On the second floor, Academic Advis-
ing Dean John van Alstyne moved over 
two spaces. His old office was given to 
yours truly, and the scheduling office to 
University Relations, which reshuffled 
many of its office assignments to consoli-
date a staff which had grown with the 
addition of several part-time people dur-
ing the past year. 
All in all, it was a hectic summer. 
When you went away on vacation you 
didn't know quite what to expect when 
you got back. Blank walls suddenly had 
doors in them; walls and partitions 
moved and disappeared. But now it's 
over for a few years .... in Boynton. 
Come December, though, and a much 
bigger moving job begins when Salis-
bury Laboratories, possibly the busiest 
single building on campus, will be 
vacated so that it can be gutted and the 
insides rebuilt. 
Four departments (Management 
Engineering, Computer Science, Life 
Sciences, and Humanities) will have to 
relocate in new homes for a year or two. 
WPI publications 
receive awards 
Four WPI publications have won awards 
in recent national competitions. The 
announcement poster for the WPI Plan 
to Restore the Balance was cited by the 
American Institute of Graphic Arts and 
by the American College Public Rela-
tions Association. One of its companion 
pieces, a 12-page booklet entitled "The 
Learning Environment" also received 
ACPRA recognition. 
The unique, two-sided 1973-74 Spec-
trum poster won a silver medal from the 
Art Director's Club of Boston and an 
award from the American Alumni Coun-
cil. The AAC also cited the letterhead of 
the Annual Alumni Fund for special 
merit. 
Alumni trustee 
nominations open 
For approximate! y fifty years, the Board 
of Trustees of WPI has granted to the 
Alumni Association the privilege of rec-
ommending to the Board three candi-
dates per year for Alumni Term Trustee 
positions. Thus there are always fifteen 
alumni members of the Board who serve 
for a term of five years and may be re-
elected once. It is one of the largest per-
centages of alumni on the Board of 
Trustees among colleges of comparable 
size in the country. 
For the past three years the By-Laws 
of the WPI Alumni Association have 
provided for a Trustee Search Com-
mittee which is charged with the respon-
sibility of recommending annually to the 
Alumni Council the name of at least one 
alumnus for each alumni vacancy which 
exists on the WPI Board of Trustees. 
The committee is composed of five 
members representing five decades of 
alumni. The Alumni Council each May 
nominates a candidate for each of the 
three positions and forwards these nomi-
nations to the Board itself for election. 
In June 1975, Thomas B. Graham, 
'38, Lincoln Thompson '21, and Daniel 
F. O'Grady, '30 will be completing their 
five year terms on the Board. Only Mr. 
Graham is eligible for re-election, for 
Mr. Thompson and Mr. O'Grady have 
completed two consecutive five year 
terms and are now ineligible according to 
the By-Laws. 
The By-Laws provide that there are 
two distinct ways in which alumni may 
participate in the selection of alumni 
members of the Board ofT rustees. First 
is the actual proposal of an alumnus to 
theAlumniCouncilthroughthesub-
mission of a signed proposal. The 
mechanics of proposal are threefold. 
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Alumni chapters may propose candi-
dates to the Council by submitting a 
signed proposal of fifteen signatures or 
more, together with a statement by the 
candidate of his willingness to serve, to 
the Trustee Search Committee. A sec-
ond method is for any group of at least 25 
alumni to propose a candidate by sub-
mitting a signed proposal, together with 
a statement by the candidate of his will-
ingness to serve, to the Trustee Search 
Committee. For 1975 these proposals 
must be received by the Trustee Search 
Committee in care of the Secretary-
Treasurer of the Alumni Association on 
or before Wednesday, November 13, 
1974. 
The second method for alumni to par-
ticipate in the Trustee selection process 
is by suggesting names of alumni directly 
to the Trustee Search Committee for 
consideration. Each year this isa signifi-
cant input of new names to the com-
mittee from which point they are 
researched and involved by the com-
mittee as it is deemed appropriate. It is 
the hope of the committee that a large 
reservoir of potential candidates who 
would be honored by this consideration 
can be maintained. Please contact any 
member of the Committee with such 
names or submit the names to Stephen J. 
Hebert'66, Alumni Secretary-Trea-
surer, cl o WPI Alumni Office. 
The third method is for the Trustee 
Search Committee itself, which has the 
responsibility of assuring that there is at 
least one candidate for each position. 
Formal notice is hereby given that 
petitions for proposing alumni for posi-
tions on the Board of Trustees are now 
being received and may be received by 
the Alumni Secretary-Treasurer on or 
before Wednesday, November 15, 1974. 
Sample forms for the proposal of candi-
dates are available upon request from the 
Alumni Secretary-Treasurer. 
The Committee thanks all alumni of 
WPI for their interest and involvement 
in this most important area which pro-
vides for the best possible members to be 
elected to the Board of Trustees of their 
Alma Mater. The Committee for the 
1974-75 year is composed of C. Eugene 
Center, '30, Pittsburgh, Pa., Chairman; 
Francis S. Harvey, '37, Worcester, 
Mass.; William A. Julian, '49, McLean, 
Va.; Paul W. Bayliss, '60, Pennington, 
N.J.; and William J. Hakkinen, '70, Led-
yard, Conn. 
"From the Titanic to the Thresher," the announcement read , "man has constructed great 
nautical masterpieces of obvious seaworthiness." With that, the Create-a-Faire Committee 
from the interactive project center launched The Great Boat Race. Held in Washburn on 
September 19, the competition was " to construct and sail a uniquely designed aquatic vehicle, 
size restricted to less than 1 Y2 feet in length. " All materials were supplied by the committee, 
including styrofoam , pipe cleaners, pill bottles, potato chips (do you suppose this was meant as 
a construction material?), balloons, marbles, lead, and " large body of water." 
About 25 students showed up to compete for prizes, consisting of playdough and lifesavers, 
awarded for Grand Design, Most Aesthetic, Cleverest, Fastest (with wind-power and non-wind 
categories), Most Absurd, and Biggest Dud. 
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Letters to the editor are welcome. All points of 
view can find a forum in this section, and we 
encourage the free exchange of ideas and 
opinions here. For reasons of space, variety, 
timeliness, and interest to other readers, we 
may not publish all letters received and will 
occasionally use portions of letters, but those 
that do appear here arean accurate reflection 
of the Journal's mail. 
Completed Careers 
too heavy on careers 
Could Completed Careers be modified 
so that we are saying our graduates were 
more than job oriented? Surely these 
men and women married, had families, 
hobbies, and outside interests. Surely the 
record of their life is not only the posi-
tions they have held! 
Prof. Betty B. Hoskins 
WPI Life Sciences 
Energetic applause 
I wanted to take a few minutes to tell you 
how much I enjoyed the "Energy" arti-
cles in the August 1974 issue. I usually 
read "Your Class and Others," "Com-
pleted Careers," and after scanning the 
major content toss the journal into the 
basket. 
However, this month I read the arti-
cles by Dr. Teller and Dr. Glaser with 
interest. They were current, right to the 
point, and ofinterest to everyone. In fact, 
I would like your permission to distrib-
ute copies to the Science Department 
Heads of the Worcester Public School 
System. 
Richard G. Bedard, '57 
Worcester, Mass. 
The August issue was a great issue. The 
two articles on energy were good and I 
am looking forward to the next issue. 
I would appreciate receiving from you 
two more copies of this issue for use with 
associates in our electric utility. 
William E. Eaton, '38 
Eugene, Oregon 
INTE 
Intersession - that joyous experience in 
diversity you have come to know and look 
forward to each year - will return to 
campus January 6-17 for a two-week run. 
Once again, WPI will offer to students, 
alumni and the community at large a wide 
variety of courses to further their profes-
sional competence, advance their 
avocational interests, offer intellectual 
enrichment, provide personal enjoyment 
and, perhaps most importantly, get to 
know one another. 
The list here is representative of the total 
offerings for Intersession '75 and repre-
sents approximately one-third the total 
number of courses to be given. Your 
inquiry is invited and your participation 
hoped for. For further information, contact 
the Director of Continuing Education, 
Boynton Hall 310J, WPI, Worcester 01609. 
Schedule 
The schedule for In tersession 1975 is as follows: 
Session A January 6 - 8 (M, Tu, W) 
Session B January 9 -14 (Th, F, M, Tu) 
Session C January 15 -17 (W, Th, F) 
Registration 
Visit, phone, or write the Office of Continuing Education 
(Boynton Hall 310) to register for Intersession. Some courses have 
low population limits so early registration is encouraged. Regis-
tration will not be considered complete until the total fee has been 
received. Tuition rates are as follows: 
$115 - Regular 
95 - Regular early registrant (on or before December 20) 
80 - Alumni, WPI evening students and parents of WPI 
students 
30 - Courses printed in bold-face (darker) type 
450 - Group rate for 6 people (if registered on or before 
December 20) 
ABC504 
BC51 7 
B518, C518 
A527 
A528 
A529 
A531 
A533 
A534 
A539 
A545 
A547 
A550 
A552 
A554 
A565 
8528 
8529 
8531 
8532 
B535 
B536 
8537 
B538 
B542 
8546 
8548 
B554 
Scann ing Electron Microscopy in Bio logy 
Using the IBM Scientific Subroutine Package (SSP): 
Programming and Mathematical Aspects 
Introduction to Wines 
The Elements of Programming Style 
Micro-Computer Appl ications 
Engineering Economy 
Audio Amplifier Design 
Human Engineering 
Metric Workshop 
The American Indian in Literature 
Mathematical Models in the Socia l Sciences 
The Pianoforte- Its Core and Maintenance 
Astronomy 
Superconductivity 
Ballroom Dancing I 
Data Base: Concepts, Design and Management 
Astrology 
Occult Religions and Psychic Phenomena 
The Political Economics of Energy 
Investment Philosophy 
Introduction to Loudspeaker System Design 
Scanning Electron Microscopy 
Solar Energy 
Environmental Measurements 
On Reading Joyce's Ulysses 
Rock Hounding 
I Corinthians 
The Art of N ear and Middle Eastern Dance 
C527 Introduction to the PDP-1 0 fo r N on-Computer Scientists 
C528 Introductory Ana log Computer Programming 
C529 
C530 
C531 
C533 
C534 
C541 
C544 
C545 
C546 
C547 
C549 
C550 
C552 
C557 
Special 
Accounting for Managers 
Income Tax Preparation for Individuals 
Survey of Everyday Law 
Building Design for Fire Safety 
The Synthesis of Design 
Survey of Biomedical Engineering 
Operation Logistics 
Ethics and Technology 
Celestia l N avigation 
N eutron Activation Analysis 
Introductory Photoelasticity 
Practical Astronomy 
The Ancient Art o f Backgammo n 
Heredity and Environment-the Jensen Controversy 
AEC C itizens W o rkshop on Energy- 3-hour w orkshop to 
be presented several times during Intersession at no cost 
to participants. 
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Nuclear energy -
the promise and the problems 
'"""f"\rn ENERGY SITUATION contin-
.1 u~~ to be a major problem for the 
United States. Project Independence, the 
announced national goal of becoming 
energy self-sufficient by 1983, has caused 
considerable debate. Many knowledgeable 
people doubt that this goal can be achieved; 
if it can it appears that we will require a 
massive commitment to the generation of 
electrical power by nuclear reactors. 
This is a sensitive subject to many. There 
are concerned, strong, and highly vocal 
advocates for and against nuclear power. 
The issues involved cover the range from 
environmental damage to radiation hazard 
to economic factors to fuel security to con-
flicting interests among the power pro-
ducers. The pro-industry faction is opposed 
by many consumer and citizens' groups. 
WPI's involvement with nuclear reactors 
goes back to 1959, when the open-pool reac-
tor was installed in Washburn. Nuclear 
engineering is an established graduate 
degree program, and courses are also avail-
able to undergraduates. In 1971, the college 
sponsored an evening course entitled "The 
Nuclear Power Controversy." The four-
teen-week series was videotaped (with the 
aid of a grant from Yankee Atomic Electric) 
and has since been made available to col-
leges and high schools all over the North-
east. The increased social conscience and 
awareness of the faculty and students have 
led us here at WPI to examine all sides of 
the question. (There may be some irony in 
the fact that a part of the Interactive Quali-
fying Project Center is at times off-limits to 
people because it is located directly over the 
radiation cone of the Washburn reactor.) 
So this issue of the WP! journal, as 
promised in August, takes up the nuclear 
energy situation. The three articles 
presented here, like the two before, stem 
from the year-long series of guest lectures 
arranged last year for the mechanical engi-
neering department. 
I don't pretend that five articles and some 
25,000 words can adequately begin to cope 
with the energy situation except in the most 
elementary way. I must further acknowl-
edge that this series is an "import" - it hap-
pened at WPI, but it does not represent the 
words or the work ofWPI people. There are 
hundreds - perhaps thousands - of WPI 
alumni who work in the energy production 
and distribution field. I'd like to hear from 
some of you about your reactions to this 
series - good, bad, indifferent. There are 
some major areas (coal, for instance) that 
have been only lightly touched. If you're 
involved in one of these, you have a valuable 
point of view that I invite you to share with 
other journal readers. 
-R.K. 
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Yes, Virginia, 
nuclear power plants 
do affect the environment • • • 
by Dr. Morton I. Goldman 
Everyone is concerned with the 
environmental effects of nuclear power 
plants - but have you ever stopped to 
consider the effects of not going 
nuclear, of building enormous new fossil 
fuel plants? 
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Dr. Morton I. Goldman is senior vice presi-
dent of the Environmental Systems Group of 
NUS Corporation, Rockville, Md. He is 
responsible for all the site, environmental, 
waste disposal, and safety activities conducted 
by NUS at over fifty nuclear and fossil-fueled 
plants in the United States and abroad. 
Before he joined NUS in 1961, he spent 
eleven years with the U.S. Public Health 
Service, working for several years at Oak 
Ridge National Laboratory on waste disposal 
research and two years as a nuclear installa-
tion consultant from the PHS to state 
agencies. 
He has been chairman of the Committee on 
Sanitary Engineering Aspects of Nuclear 
EnergyoftheASCE, andwasamemberof 
the group that drafted the radioactivity sec-
tion of the PHS drinking water standards 
issued in 1962. In 1968 he chaired a panel 
convened by the International Atomic Energy 
A gency . He is currently active on several com-
mittees of the American Nuclear Society. 
Dr. Goldman is a registered professional 
engineer in N ew York, Maryland, and the 
District of Columbia. H e holds advanced 
degrees in sanitary engineering and nuclear 
engineering from M.I. T. 
T HERE ARE TWO big problems in discussing the environmental impact 
of nuclear facilities. One is the difference 
that exists between what I'll call the abso-
lute value of an environmental impact and 
the perception of an impact by a particular 
group or an individual. If I can state that the 
impact of a facility in absolute terms is the 
entrapment and death of 1,000 fish of a 
given species, that's an impact. However, its 
perception may well vary between the dif-
ferent people who are involved in looking at 
that number of fish of that particular spe-
cies. For the Isaak Walton League it may be 
nearly the end of the world. For the power 
plant operator, it's one of the smaller num-
ber of fish kills that we've had. For the state 
resources agency it may be hardly any diffi-
culty, although they recognize that some-
thing has happened. 
A second area of difficulty in dealing with 
environmental impact of nuclear facilities is 
encompassed by the scope - how broad an 
area of consideration you include in deter-
mining the impact of a nuclear generating 
station. To some it would be the impact of 
the construction and the operation of that 
station on its own local environment. Other 
people have suggested, and in fact 
demanded, that looking at an isolated 
nuclear power station is not sufficient, that it 
is necessary to consider the total impact of 
the nuclear fuel cycle from the mining of 
the uranium through the refining and pro-
cessing, enrichment operations, fuel fabri-
cation, the use in the reactor, transporation 
of the spent fuel to a recovery facility and 
the effluents associated with that facility, as 
well as the ultimate disposal of the radio-
active wastes produced. Other people will 
go still further and say that we should not 
only look at what the normal operating 
modes of these stations are but also ought to 
consider the range of accidents that are asso-
ciated or potentially associated with them -
"what if'' kinds of considerations which 
may range from accidents at stations to 
diversion of fissile material, somebody 
stealing a truck of spent fuel and manufac-
turing his own private arsenal. So there is 
quite a range in what might be covered in 
assessing the environmental impacts of 
nuclear generating facilities. 
The themes I will discuss here include 
the environmental effects of power genera-
tion, that is nuclear power generation with a 
primary focus on thermal and radiological 
effluents, since these encompass most of the 
question which are normally asked about 
nuclear power plants and which are primar-
ily dealt with in impact assessments. I will 
also discuss the nuclear fuel cycle, particu-
larly in the area of the disposition of high 
activity fuel reprocessing wastes, about 
which there have also been signigicant dis-
cussion. The areas that relate to accidents 
deserve an entirely separate discussion, and 
the next two articles, by Professor Rasmus-
sen and Mr. Cherry, will cover that ground. 
I should stress that the radiological and 
thermal areas are not the only impacts asso-
ciated with energy generation. The consid-
erations that would enter into a fossil plant's 
environmental report are not greatly differ-
ent that those we would look at for a nuclear 
facility. Basically, the areas involved, aside 
from the construction of the facility, 
include resource extraction, transportation, 
waste heat, and transmission of the pro-
duced energy from the facility. Combustion 
residues could be loosely interpreted to con-
sider the radiological area. I'm not propos-
ing to deal with resource extraction for 
nuclear facilities as compared to fossil fuels, 
although I'll have a few comments later. 
Transportation is certainly an issue in both 
instances; 100-car coal trains or huge super-
tankers coming from the Middle East have 
their own environmental impacts. As far as 
transmission is concerned, the people who 
live along a right of way don't have any idea 
whether the electricity in those lines comes 
from a steam plant, a hydroelectric plant, or 
from a nuclear plant. They don't normally 
like the transmission lines, but that's not a 
nuclear problem. The waste heat question 
does have some special aspects that are asso-
ciated with nuclear facilities, and obviously 
the equivalent of the combustion residues 
are also specifically nuclear insofar as they 
involve radioactivity. 
Before going on to discuss the impact of 
nuclear facilities in greater detail, it would 
be helpful to review briefly the kinds of 
nuclear power plants that are currently 
being operated or built in the U.S. There 
are two types of reactors moderated and 
cooled by light water which have been 
widely accepted for power generation. In 
the boiling water reactor, the core consists 
of a latticework array of perhaps thousands 
of rods, each a centimeter or so in diameter, 
arranged in assemblies called fuel elements; 
these in turn are located in this lattice to 
form the reactor core. Each rod, which may 
have an active length of about 4 meters, con-
sists of a number of pellets of only slightly 
enriched uranium in the form of uranium 
dioxide (a ceramic, high sintered material) 
stacked inside a sealed tube commonly 
made of a zirconium alloy. The zircolloy 
cladding and the fuel serve to retain the fis-
sion products generated within the fuel and 
to inhibit at least their release into the rest of 
the system. In the boiling water reactor con-
cept, steam is generated directly in the reac-
tor vessel. The water coolant is allowed to 
boil; it travels to the turbine, turns the tur-
bine, is condensed by some external cooling 
water, and returns to the reactor vessel. One 
of the more significant aspects of this par-
ticular type of nuclear power plant is that 
any radioactive gases that may be released 
from the core have a straight shot through 
the turbine to the condenser system. The 
condenser is usually maintained under a 
vacuum in order to improve the thermal 
cycle efficiency, and that vacuum will 
remove any gases that are evolved from the 
core and take them out of the circulating 
system. In the older plants, and in fact in 
almost all of them currently operating, these 
gases were vented after a relatively short 
delay to a tall stack, usually on the order of 
300 feet, from which they were dispersed 
into the environment. This is not being 
done any more. 
The other kind of light water reactor in 
common use in the U.S. is an indirect cycle, 
pressurized water plant, in which sufficient 
pressure is maintained in the primary sys-
tem to keep the water from boiling. The hot 
water is circulated through an external heat 
exchanger or steam generator secondary 
over a core lifetime. In the process of 
absorbing neutrons and doing its function, 
the boron, at least in part, is converted to an 
isotope of hydrogen called tritium which in 
turn combines with oxygen in the water to 
form tritiated water. Tritium is not a par-
ticularly large biological hazard, but it does 
present some special problems in waste 
management because there is no feasible 
way of separating tritiated water from ordi-
nary (or light) water. Another difficulty that 
has been encountered recently in several 
plants relates to the steam generator itself, 
which in practice turns out not always to be 
isolated from the reactor coolant. Steam 
generator tubes leak, they corrode, and there 
have been occasions in which radioactivity 
has been transferred from the primary cir-
cuit to the secondary circuit where radio-
activity is really not supposed to be in the 
first place. 
A third type of power plant is becoming 
very slowly more accepted - the high tem-
perature gas cooled plant. In this type of 
plant the moderator is composed of graph-
ite, and helium, rather than water, is the 
coolant. The combination of the graphitic 
core material and the helium gas coolant 
allows the reactor to operate at a much 
higher temperature than the light water 
reactors can achieve using present fuel 
materials. The heat from the helium reactor 
coolant, transferred through a heat 
exchanger to a secondary water circuit, pro-
duces the steam which drives the turbine. 
The combination of the material properties 
and coolant properties results in a signifi-
cantly higher thermal efficiency for these 
plants with a resulting decrease in heat 
rejection to the condenser cooling water. 
The first moderate size unit of this type, 
Considering the current problems in dealing with 30 
to35 million tons of coal ash every year, the disposal 
of nuclear wastes is a small problem. 
system where steam is generated to turn the 
turbine. There is nominally a high degree of 
isolation between the reactor coolant circuit 
and the steam circuit or secondary side, and 
the isolation, at least to some extent, serves 
to eliminate the source of radioactive waste 
gas that is present in the basic boiling water 
reactor concept. The pressurized water 
reactor has its own particular problems with 
potential avenues of escape for radio-
activity. For one thing, the system normally 
employs a dissolved chemical, boric acid, in 
the reactor coolant water to control reac-
tivity (neutron fission rate in a gross sense) 
about 300 megawatts, is about to begin 
operation in Colorado. 
The sources of radioactive materials, the 
things that we're concerned about, include 
fission products produced by fissioning ura-
nium, activation products, and corrosion 
products. The latter two are artificial mate-
rials that are created by exposing stable ele-
ments in the core and coolant to the neutron 
flux. The fission products are by and large 
maintained within the fuel and its cladding. 
Small quantities of uranium normally will 
be present on the surface of the cladding, 
and this so-called tramp uranium will 
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release some fission products into the cool-
ant. But the most significant source of activ-
ity will arise when there are minor defects, 
pinholes, and the like in the fuel cladding 
itself; then gaseous fission products, volatile 
fission product elements will migrate from 
the hot fuel to the coolant. Of the three 
sources, the fission products are the major 
headache in a nuclear plant. Almost all 
operating plants at me present time have 
had some small fraction of fuel elements 
which have had defects in them, and usually 
the practice has been to design waste han-
dling systems which are capable of manag-
ing quantities of radioactivity and volumes 
of both gas and water which are greater than 
those expected during the plant's lifetime. 
In view of the unfortunate way in which 
nuclear energy was introduced to the world, 
it's perhaps not surprising that the nuclear 
power industry is the only one in the history 
of technology in which regulations for con-
trol and standards preceeded the estab-
lishment of the industry. As a very quick 
comparison, it's very easy to recognize that 
it is only now, within the last few years, that 
we're getting standards and criteria for 
atmospheric pollution resulting from burn-
ing of fossil fuels - many, many years after 
the problem was first recognized. The first 
air pollution law, as a matter of fact, was 
written in 1493. Queen Elizabeth I didn't 
like the soot in London and forbade the 
burning of sea coal at that time. The penalty 
for burning sea coal, or even for selling it, 
was hanging followed by drawing and quar-
tering in the public square. That's a little bit 
harsher than some of the things we get into 
now. But nevertheless it has been only in the 
last two years that we've had standards for 
both ambient concentrations and emission 
levels of sulfur and other pollutants from 
fossil plants. 
The standards and criteria for radiation 
exposure of members of the public have 
been in fact unchanged since 1954, about 
three years prior to the start-up of the Ship-
ping Port plant, which was the first one to 
produce electric energy on a pseudo-com-
mercial basis. These radiation protection 
standards have been established inter-
nationally by the International Commission 
on Radiological Protection and are essen-
tially followed by all nations. We and the 
Soviet Union agree on the recommenda-
tions of the ICRP. In the United States we 
have our own National Council on Radi-
ation Protection and Measurement which 
was formed in 1930 or 1931, at least a few 
years before AEC was founded. The Fed-
eral Radiation Council was established in 
1959 and in 1960 it essentially adopted the 
same international standards. The National 
Academy of Sciences in 1955 and in 1960 
also reviewed the then-existing standards 
and supported them. All of these national 
and international agencies have agreed upon 
the basic radiation protection standards for 
members of the public, standards essentially 
unchanged since 1954. 
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In view of the unfortunate way nuclear energy was 
introduced to the world, it's not surprising that the 
nuclear power industry is the only one in the history 
of technology for which regulations and standards 
preceded the establishment of the industry itself. 
All of these standards provide for a maxi-
mum dose to an individual in the general 
public of 500 millirem or 0.5 rem per year. 
For those of you who may not be particu-
larly familiar with the radiation literature, 
this is about equivalent to five chest x-rays 
per year. To account for individual variabil-
ity, the United States through the Federal 
Radiation Council adopted the practice of 
using a value of about one-third of the indi-
vidual standard, or 170 millirem per year, 
where it is impossible to monitor individ-
uals (as is the case so far as the public is con-
cerned). To cover this individual variability 
and the possibility that one person may be 
more sensitive by a factor of three, say, than 
the average, the practice has been to use this 
170 millirem per year for individuals. In 
order to control exposure to large popu-
lation groups, in which the genetic effects 
on the gene pool of the entire population is 
important, a limit to all sources of radiation 
of artificial origin except for medical 
exposure of 5000 millirem or 5 rem over a 
thirty year period has been specified by the 
International Commission on Radiological 
Protection and adopted by the U.S. This is 
identical to the 170 millirem per year 
described earlier for individuals. 
However, from the original inception of 
radiation protection standards for the pub-
lic, both national and international organi-
zations have specified that exposure should 
be kept as far below these limits as prac-
ticable. This precept has been applied by 
the Atomic Energy Commission in two 
ways. The first is by establishing discharge 
limits for power plant sites which are con-
servative, by which I mean that if one were 
to discharge at the authorized limits, the 
radiation exposures produced to the public 
would be substantially lower than the 170 
millirem limit per year specified. The regu-
latory staff does this by generally granting, 
as an example, substantially less credit for 
atmospheric dilution than a site mete-
orological program would indicate. The 
AEC creates some very interesting locations 
and habits of the people who live next to 
power plants. They will have somebodv sit-
ting naked on a fencepost downward for 365 
days a year, 24 hours a day - that is the indi-
vidual who is the limiting case, even though 
I don't know of anybody who behaves like 
that, particularly on a day like today. They 
will specify that one has to consider a cow 
tethered to this fence-post, grazing on grass 
located in the most exposed downwind loca-
tion, and from this cow an infant chained to 
its right hind leg continually sucks milk. 
They assume that you will obtain your 
drinking water directly from the discharge 
pipe, not from the river or the lake into 
which the plant discharge. You are just so 
eager to get this stuff that you can't wait for 
it to be diluted in the natural environment. 
(I don't know of anybody who does that 
either.) And all of the fish that you eat are 
born, raised, and caught in the discharge 
line before any environmental dilution. So 
using these kinds of assumptions the regu-
latory staff of the Atomic Energy Com-
mision works backwards and says these are 
the allowable limits then for discharges 
from this plant. Needless to say since there 
are very few, if any, locations at which we 
have either the naked fellow on the fence-
post or the infant chained to the cow's right 
rear leg or people drinking water from the 
discharge line prior to dilution, the radi-
ation exposures received from discharges to 
real people at real locations living in houses, 
going to work, moving away from the plant, 
having cows on feed or indoors or perhaps 
even no cows at all - the actual doses to 
actual people are substantially lower than 
those that would correspond to the 1 70 mil-
lirem dose limits. That's the first way in 
which the regulatory staff applies this "as 
low as practicable" philosophy. 
The second way has been to require pro-
cess equipment capability in the plant 
which is more than ample to reach the dis-
charge limits that they've set. So that you 
have to have equipment in plant which 
would meet those conservatively estab-
lished discharge limits under conditions of 
plant performance (fuel failures, equipment 
outages, etc.) which would require the plant 
to be shut down for other reasons such as 
too much radiation in the plant for people to 
stay there. Now the success of the approach 
employed by the Atomic Energy Commis-
sion has been demonstrated by the 
accumulated experience at operating 
nuclear power plants. With one or two 
exceptions, there has been no measurable or 
significant change in radiation exposure to 
plant neighbors before and after these 
plants have started operations. The only 
Nuclear Reactors -
safe or not? 
by Dr. Norman C. Rasmussen 
What kinds of accidents could happen to 
an uclear power reactor? And just what is 
the likelihood of any of these actually 
happening? For an involved engineer's 
judgment, consider this ... 
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rrHE FIRST THING to understand J. about nuclear reactor safety is what the 
risk is. The risk is simply the release of the 
radioactive content of the core. That's about 
the only risk that anybody conjures up as 
being a public danger and it's the only one 
I'm aware of. One thing a reactor is not is a 
potential nuclear explosive. It is physically 
impossible for today's reactors to ~et~nate 
like a nuclear weapon, for good prmc1ples 
of nuclear reactor physics. Everybody who's 
studied the matter agrees on this. So the 
thing we worry about is that, in the cours~ 
of operation of this plant, we accumulate m 
the core some 10'0 curies of radioactive fis-
sion products. This is about the equival.ent 
of 10,000 tons of radium; it's a lot of rad10-
activity. We are therefore obligated as 
nuclear engineers to give a high degree of 
confidence that this amount of radioactivity 
or any significant fraction of it won't be 
released to the environment where it could 
cause serious harm to the public. There's no 
question that if you release a sizeable frac-
tion of the activity in the core, you'd have a 
very serious accident. I personally don't 
believe it would be the same order of mag-
nitude and dimensions that the nuclear 
reactor critics claim it would be. T hey over-
estimate the effects of such an accident by 
an order of magnitude or more, but none-
theless it's a bad accident; we should avoid it 
and make its possibility of occurrence very 
low. 
The radioactivity in the core of the reac-
tor is bound up in the fuel itself, which is 
uranium dioxide, a ceramic-like material 
that melts at about 5000°F. And in fact to 
release this radioactivity in any substantial 
quantity requires the melting of that ura-. 
nium dioxide. So the problem of protectmg 
the public from serious accidents reduces to 
one of assuring ourselves that the core won't 
melt. Certainly there are lesser releases that 
as 3,000 acres for a cooling lake or pond. 
This area can be reduced by using power 
sprays to augment heat transfer but with an 
increased consumption of water. And these 
ponds do create some local fogging on cold 
days due to the evaporation. The potential 
impact of these thermal discharges is open, 
shall we say, at the present time. On an indi-
vidual plant basis there have been plants of 
substantial size that have been operating for 
a number of years without observable 
effects as a result of heat dissipation or heat 
discharge. There have been other plants 
located poorly, with the wrong kind of cool-
ing system, which have resulted in sub-
stantial damage to streams. Means are 
available for mitigating those kinds of cir-
cumstances, but we appear to be caught up 
in another kind of hysteria which is similar 
to the Atomic Energy Commission's on the 
radiation issue, and that is the Environ-
mental Protection Agency and its potential 
guidelines for steam plant discharges of 
heat. We have no idea at the present time of 
how the EPA is going to deal with the 
requirement of Congress that the best avail-
able and the best practicable technology be 
used by 1983 with the goal of eliminating all 
discharges into water. However, a draft 
report of the contractor for EPA who 
reviewed the state of the art recommended 
in their view the technology that they con-
sidered to meet these criteria, that cooling 
toweres be used on essentially all plants, 
regardless of location, size, age (with a few 
restrictions). This recommendation did not 
consider whether the substantial con-
sumptive use of water by evaporation in 
such towers would be more harmful than 
the heat in water-short areas, whether the 
local topographic or climatic condiditions 
would produce fogging or icing hazards, 
whether the salt drift from towers on brack-
ish or salt waters might cause agricultural 
damage and enhance corrosion. It did not 
consider any of these. If there is any envi-
ronmental impact area at all in which deci-
sions logically must be site-specific, it is in 
the area of thermal effects but as yet we have 
no information as to whether the proposed 
guides emanating from EPA will reflect this 
logic or some mysterious workings that go 
on in Washington. 
The final area of environmental concern 
is radiological, and is concerned with the 
spent fuel reprocessing. Despite the recent 
attention to the subject, I should point out 
that it's not exactly new. Almost twenty 
years ago I was conducting research and 
development work on chemically inert 
forms for high activity fission product 
wastes, first at Oak Ridge and later at 
M.I.T. The other way of controlling high 
activity wastes other than conversion to a 
chemically inert form involves putting 
them in a regime in which they are isolated 
from the biosphere. It was back in 1954 
when the National Academy of Sciences 
recommended bedded salt forma-
tions as the type of geologic structure most 
likely to provide the degree of isolation 
desired. During the years between then and 
now, work has been underway to develop 
optimum solidification methods and sites 
for the wastes projected to be developed in 
the future. There was a controversy that 
involved AEC a few years ago (in fact most 
of the controversies involve ABC's own 
activities rather than those of the utilities). 
There was a problem a few years ago fol-
lowing a disclosure that a salt mine in Kan-
sas that the Commission had been using for 
the field-test program on salt as a disposal 
medium and was considering as an ultimate 
repository was not in fact acceptable for that 
purpose because of mineral explorations 
that had been made for gas and oil in that 
area which had punched a few holes into or 
near their proposed storage area. To provide 
assurance that there will be some place to 
put the first waste loads that are coming in 
the early 1980s, the AEC is proceeding with 
a plan for constructing engineered surface 
storage facilities while these other salt bed 
regions are being examined for suitable 
repository sites. Although storage facilities 
will receive only solidified waste, they're 
being designed to provide complete isola-
tion of the stored material from the environ-
ment under essentially all foreseeable 
circumstances. We should really keep in 
mind that the volume of wastes to be stored 
is not really very large. The total volume 
projected to be produced for storage by all 
nuclear plants through the end of the cen-
tury, there's that magic year again, is about a 
million cubic feet, or basically a large ball-
room full, about 200 by 200 by 25 feet high. 
Considering the current problems we have 
in dealing with the thirty to thirty-five mil-
It's important that we don't sit back and let Congress 
try to rewrite the first, second, and third laws of 
thermodynamics - and then watch while some 
people in Washington attempt to implement that 
legislation! 
lion tons of coal ash every year, this is a 
rather small-scale problem, even when we 
consider the toxicity and the time scales 
involved. Consider for comparison the rela-
tively primitive engineering techniques that 
were available to the pharaohs; they built 
pyramids which protected essentially the 
same kind of volume we're talking about for 
periods on the order of 3,000 to 5,000 years, 
which is about what we have to aim for. And 
if we can't do it better now than the pha-
raohs were able to do it then, then we really 
have not progressed very far. 
In concluding I think a few remarks 
about the role of nuclear fuels might be 
appropriate. There is a basic problem in 
attempting to rely solely or even very much 
on fossil fuels. Gas, which is certainly the 
most desirable fuel from an environmental 
viewpoint, is in far too short a supply to be 
used at new central stations, and even exist-
ing ones are having a great deal of difficulty 
in getting it. Oil, whose use has increased 
rather dramatically in response to require-
ments for lower sulfur emissions and par-
ticulate emissions, was seriously threatened 
even before the 1973 Arab oil embargo and 
the dramatic increases in prices. The U.S. 
holds about half of the total world reserves 
of coal, about 600 or 900 years' worth of our 
use at current usage rates. But coal has 
become a dirty word, literally as well as fig-
uratively, due both to the resouces extrac-
tion problems and to the sulfur problems 
associated with it. It may be that the sulfur 
problem will be successfully dealt with 
within the next few years, but current atti-
tudes on surface mining (which affects well 
over half of our low sulfur coals) may elimi-
nate a very large fraction of our reserves of 
that fossil fuel as well. So for the bulk of our 
base-load generating capability, it appears 
that nuclear power is a requirement even if 
our growth rate is slowed down and only 
modest growth rates are maintained. 
Nuclear power plants, any more than any 
other kind of industrial plant or for that 
matter a shopping center, can't be built 
without having some environmental 
impact. Nuclear plants, if they're located 
properly, designed properly and operated 
correctly, can have an essentially 
insignificant impact in comparison to the 
benefits derived from the electric energy 
they produce and to the alternative means of 
generation that are available and these may 
not be very many in the not too distant 
future. However, it is important that we do 
not sit back and let Congress try to rewrite 
the first, second, and third laws of ther-
modynamics and watch while some people 
in Washington attempt to implement that 
legislation. 
UIPI 
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In 1970, nuclear power contributed about 16 
millionths of the tota l per capita radiation dose 
in the U.S. Commercial air travel contributed 
over 100 times more radiation exposure. 
by ourselves indicate that a mean in-plant 
exposure of about 1.4 person-rems per 
megawatt year of nuclear electricity is 
obtained in nuclear plants. If this value is 
maintained, the average contribution to per-
son-rems, about 15 to 20 times what we're 
looking at here for the general public. If this 
projection holds, and there is no reason to 
suspect substantial reduction of in-plant 
exposure unless we radically change the 
way we design and build nuclear power sta-
tions, it is the view of many that overly 
restrictive discharge limits may increase the 
overall population dose rather than decrease 
it. This is a classic case of squeezing down 
on the balloon one place and having it pop 
up somewhere else. Since the overall bio-
logical insult to the U.S. population, in a 
genetic sense, is directly related to the popu-
lation dose to any and all segments of the 
population, the proposed restriction by 
AEC is much more likely to harm than to 
help. And the difficulty is that they have 
refused, at least to this time, to recognize the 
fact that restricting discharges does imply 
an increase in in-plant occupational 
exposure. 
This rule on discharges will result in sub-
stantial additional economic cost, because 
taking out the last 2 percent of anything 
usually costs as much as removing the first 
98 percent. And if in addition to that it 
results in an increased population insult, 
from a genetic viewpoint, any rational con-
sideration must reject that proposal as unde-
sirable. Even the National Academy of 
Sciences expressed their view on this point. 
"The public must be protected from radi-
ation, but not to the extent that the degree of 
protection provided results in the sub-
stitution of a worse hazard for the radiation 
avoided. Addtionally, there should not be 
attempted the reduction of small risks even 
further at the cost of large sums of money 
that spent otherwise would clearly produce 
greater benefits." At an estimated cost of 
something like $5-7 million per nuclear 
plant per year, from any municipal or cor-
porate sense that is money down the drain 
since the same people who are asked to pay 
the utility rates to cover the cost of these 
systems are also the same ones who are 
asked to finance sewer bonds, school bonds, 
water supply bonds, etc. In any event I 
think it is clear to anyone at all who has 
taken a significant look at the situation of 
normal radiation discharge from nuclear 
power plants that there is no environmental 
impact worthy of the fervor, newspaper 
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space, or TV time that has been devoted to 
this issue. 
There remains, so far as nuclear plants 
are concerned, the question of heat dis-
charge, a problem common to all steam 
electric stations, whether fossil or nuclear. 
The 1969 average thermal efficiency for all 
U.S. fossil plants was about 33.2 percent. 
This results in slightly over 2 kilowatts of 
heat being rejected for every kilowatt of 
electric energy generated. Now of this total 
heat rejection, about 15 percent goes via the 
stack gases and the remainder via the con-
denser cooling system. Since nuclear reac-
tors do not reject heat via combustion gases, 
essentially all of the waste heat is rejected to 
the condenser cooling water. Present light 
water reactors operate with an efficiency of 
about 32 percent, which is only slightly 
worse than the U.S. average for 1969; but 
since there are no stack gases, all of the 
waste heat goes into the water and that 
results in a larger heat rejection to the water 
environment than is the case for an equiva-
lent fossil plant. The best U.S. fossil plant 
has a thermal efficiency of about 40 percent, 
again with heat rejection both to stack gases 
and to the water. The high temperature gas 
cooled reactor also has an efficiency of about 
40 percent, but again without stack gases to 
remove at least a portion of the waste heat. 
All of it goes to the water, so the HTGR, 
although thermally equivalent to the best 
U.S. fossil plant at the present time, will 
reject more heat to the water environment. 
It is estimated that the breeders may run 
with efficiencies of somewhere between 45 
and 50 percent, which will reduce the heat 
rejection below t.'1at currently attained with 
the best fossil plants. 
The combination of lower thermal effi-
ciency and large unit size for central station 
plants has resulted in a more difficult situ-
ation. There are relatively few fossil plants 
that have been proposed for and certainly 
not operated in the past for 2,400 megawatts 
of electric energy. Nuclear plants are quite 
commonly attempted to be sited with as 
many as possible on one site, because sites 
are getting hard to come by. The waste heat 
issue has been raised primarily in associa-
tion with nuclear power plants, but the dif-
ference between nuclear and fossil steam 
plants is literally just one of degree, which 
relates both to thermal efficiency and station 
size. For the present, techniques are avail-
able for controlling the discharge of heat to 
the water environment on its way to the 
atmosphere (which is, after all, the ultimate 
repository for waste heat). Once-through or 
open-cycle cooling has been the method 
most frequently chosen to transfer rejected 
heat to the water environment. This system 
can be most effectively employed on large 
water bodies with which the heated dis-
charge flows can be rapidly mixed. How-
ever, certain environmental factors must 
usually be considered in the particular 
design. For example, if fish spawning 
occurs in the vicinity or if there are large 
numbers of young fish, the intake structure 
must be located and designed to minimize 
entrainment of larvae and fry. I saw some 
interesting examples of studies going on 
over here at Alden Research Labs related to 
this. Similarly, return of the discharge water 
via a long canal for example may not be 
most desirable in those circumstances where 
winter shutdowns may result in large fish 
kills due to thermal shock. That has hap-
pened at Oyster Creek on a few occasions. 
Submerged discharge lines usin~ multiport 
jet diffusers can avoid that problem as well as 
produce such rapid mixing that surface 
areas of only a few acres are produced in 
which water temperatures are as much as 
three degrees above the ambient tempera-
ture. 
Cooling towers are frequently suggested 
as alternatives where once-through cooling 
isn't feasible. These discharge the heat 
directly to the atmosphere. However, these 
alternate methods of heat rejection also have 
their own disadvantages which need to be 
weighed carefully before a choice is made. 
The economics aside, natural draft cooling 
towers may be as tall as a forty to fifty story 
building, and the plume that they produce is 
a hell of a lot taller. They're not exactly 
unobtrusive. 
These and the lower profile mechanical 
draft towers discharge a considerable 
amount of water vapor to the atmosphere, 
which can have significant climatological 
effects in the vicinity of the station. It's not 
unusual in Europe, where stations are built 
very much closer to highways and roads, to 
come across a stretch of ice on an autobahn 
when you're doing 160 kilometers an hour 
because the cooling tower plume has been 
across there in the winter time. In cold, 
humid weather-the likelihood of fogging 
and precipitation is increased; around some 
plants in cold climates it's a little hard to see 
anything becaused the plume is right over-
head. These towers have created icing prob-
lems on nearby plant structures, roads, and 
streets. There is a 2,900 megawatt fossil 
generating station in Germany, the largest 
fossil plant entirely on cooling towers in the 
world - and it's wet there. Farmers like it, 
but I don't know that anybody else does. 
In addition to cooling towers, ponds or 
lakes are another alternative. These require 
substantial land areas which, depending on 
the climate, may average 1 to 3 acres of 
water surface per megawatt of plant capac-
ity. Thus a plant with 1,000 megawatts of 
generating capacity might require as much 
exceptions are some early boiling water 
reactor plants with the problem I mentioned 
earlier, where poor fuel performance 
resulted in measured increases in site 
boundary doses from gases released as a 
result of the defective fuel. As I also men-
tioned, all boiling water reactors are either 
currently being built or back fined with 
additional hold-up capability for those 
gases. Other than these few execptions, 
plant releases have been only a few percent 
of the discharge limits, and the discharge 
limits themselves correspond to radiation 
exposures substantially below the 
standards. 
In 1969 and 1970 controversy developed 
in this country about the validity of the 
radiation protection standards and the 
potential radiological effects of a nuclear 
powered economy on the U.S. This con-
troversy was fueled initially by Dr. 
Sternglass at the University of Pittsburgh 
and carried on and expanded by Drs. Goff-
man and Tamplin of the University of Cal-
ifornia Livermore Laboratory, using (at the 
very best) questionable biological extra-
polation and just plain wrong physical 
extrapolation. Their lecture tours, if I might 
describe them that way, stimulated quite a 
bit of activity and interest, including con-
gressional hearings and a few other things. 
They also stimulated a review of the avail-
able biological data and standards by the 
National Academy of Sciences which set up 
a committee on the biological effects of 
ionizing radiation, the BEIR Committee, to 
examine where we stood and what we knew 
and what we didn't know about radiation 
effects. 
be a few worms still remaining in the can. 
One o~ the worms turned out to be the very 
clear indication that the regulatory staff in 
practice proposed to employ the same 
approaches to individual plant licensing as 
they had in the past - first, to establish these 
discharge limits in a very conservative way 
with the cow and the naked people and 
everything else, and second to again require 
the in-plant process systems be capable of 
dealing with more than what you would 
expect to see. These approaches used with 
the original limits had resulted in experi-
natural background radiation in the U.S. is 
about 1I 10 rem per year. There are 200 mil-
lion people in the U.S. So the U.S. popu-
lation dose from natural background is the 
product of these two, or about 20 million 
person rems. Under the assumption, and I 
would stress that it is only an assumption, 
that any radiation exposure regardless of the 
level of dose or dose rate, is equally harmful 
per unit dose, then the population dose is a 
measure of risk or harm. 
From the environmental point of view, 
natural radiation is about 100 to 102 milli-
They will specify that you have to consider a cow 
tethered to this fencepost, grazing on grass located 
in the most exposed downwind location, from which 
an infant chained to its right hind leg continually 
sucks milk. 
ence that generally ranged about a few per-
cent of the older limits. However, applying 
the same philosophy to the new limits, 
lower by a factor of 100, would not only be 
very expensive if they resulted in the same 
kind of margin, they might very well be less 
favorable from a biological point of view. 
Now this proposed rule has been con-
tested, not only by environmentalists but by 
the utility industry and by the State of Min-
They will have somebody sitting naked on a fence-
post downwind of a nuclear plant for 365 days a 
year, 24 hours a day - that is the individual who is 
the limiting case. 
rems per year. Fallout contributes 4. In 
1970 nuclear power contributed 0.003. 
Medical diagnostic exposure contributed 
72, radiopharmaceuticals 1, miscellaneous 
3. The total is about 182 average millirems 
per capita per year. In person-rems, about 
21 million from background, 700 from 
nuclear power. Nuclear power then contrib-
uted about 16 millionths of the total per 
capita radiation dose in the U.S. In 1970, 
under the miscellaneous area, one can esti-
mate that commercial air travel in the U.S., 
which was some 104 billion passenger miles 
traveled at an average speed of 350 miles per 
hour, resulted in some 300 million passen-
ger hours exposed from cosmic rays at a rate 
of about 0.3 millirem per hour or a popu-
lation exposure of some 90,000 person-
rems. That's over 100 times more radiation 
from flying in jet aircraft than from nuclear 
power in the same year. 
Before this committee came in with its 
answer however, the AEC came out with a 
new rule, decreasing by about 100 times the 
allowable radiation discharge limits. This 
rule, which provides numerical guidance to 
the as low-as-practicable philosophy, was 
justified by the AEC regulatory staff on the 
basis that the excellent operating experience 
accumulated up to that time showed that 
this was in fact a practical goal to set up. 
That is sort of analogous to saying, if you 
can run a car at 5 miles an hour and its obvi-
ously safer than at 70 miles an hour, why not 
run them at 5? However, when people who 
were interested, and that includes about 
everybody from the environmentalists to 
the utility industry to their suppliers and 
engineers, looked into this there appeared to 
nesota since January of 1972. The position 
of the utilities generally speaking has been 
that the proposed rule alone is, with minor 
modifications, desirable and acceptable but 
that when it's combined with the con-
servative implementation that the bureau-
crats on the regulatory staff use, it's not 
justifiable from either an economic or more 
importantly from a health standpoint. In 
this instance we're looking at almost a clas-
sic cost-benefit analysis. But in order to 
explain these points I would like to use a 
unit of population radiation exposure, the 
man-rem (or these days, the person-rem), 
which is simply the sum of distribution of 
people and their exposure. Or another way 
is the product of the average dose per person 
and the number of people so exposed. Thus 
In looking ahead to the year 2000 which 
seems to be popular with a lot of people, 
nuclear power in that year is projected by 
the Atomic Energy Commision to be about 
38,000 person-rems per year. The National 
Academy of Sciences said about 51,000 -
not very greatly different. And either figure, 
or in fact the sum of both! - is less than the 
general public got from air travel in 1970. If 
air travel patterns continue the way they 
have been, air travel will still be a sub-
stantially greater contributor to overall pop-
ulation exposure than will nuclear power. 
One deficiency in both the AEC and the 
National Academy of Sciences view of the 
future from radiation exposure is that both 
neglect exposure incurred by nuclear plant 
operating staffs. Present experience is 
highly variable, but data assembled by the 
United Nations Scientific Committee on 
Effects of Atomic Radiation, by ICRP, and 
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we also want to protect against, but the very 
serious accident that our critics worry most 
about is an accident that can come about 
only if we melt a sizeable fraction of ura-
nium dioxide core, and that means raise it to 
about 5000°F. At first glance that's not such 
a difficult problem, but it turns out that, 
although its a relatively easy matter to 
assure ourselves that the chain reaction is 
shut off (and the surest way we have if all 
else fails is to boil the water away because 
after the water has boiled away the chain 
reaction can no longer proceed), nonetheless 
this 10'0 curies of radioactivity generates 
heat at a very significant rate. Right after the 
reactor shuts down it's about 5 percent of 
the core power. Now 5 percent may not 
seem like much but a large power station is 
3,000 megawatts and 5 percent of that is 150 
megawatts. In 1950 the largest power gener-
ating station in New England was 150 
megawatts, and that's the decay heat you're 
left with in a large power station when it is 
first shut down. This heat rate gradually 
decays as the radioactivity dies away, but 
nonetheless it presents a heat source suf-
ficient enough under adiabatic, or non-
cooled, conditions to melt the core. And so 
we must be assured that we continue to 
maintain cooling of that core even after the 
reactor shuts down. 
The principal accident that has been the 
controversy over the last two years, which is 
a design basis accident for the power plant, 
is the loss of the coolant water from the pri-
mary cooling system. You recall that in a 
reactor you have a series of pumps which 
pump water through the core, remove the 
heat, the water comes out either in the form 
of steam or hot water that's used to generate 
steam to turn the turbine, the condenser 
condenses that water, and it gets pumped 
back through the cycle again. Now ifthe 
primary system, which in a reactor typically 
operates at a pressure of 1000 to 2000 psi 
and at temperatures of about 600°F, if it 
ruptures or breaks, it's clear that the water 
inside will rapidly flash to steam and blow 
out the hole and we'll be quickly left with a 
dry or essentially dry system. That is, you'll 
have lost enough water that you can no 
longer circulate it and cool the plant. This is 
a recognized problem that's dealt with by 
the addition of what we call the emergency 
core cooling system in the reactor. The sole 
function of that system, which never oper-
ates under normal conditions, is to be there 
to deliver extra water to flood the core in 
case the primary system itself loses the 
water that normally cools the core. And for 
two years there's been a legal proceeding in 
Washington arguing the pros and cons of 
the method we use to calculate the emer-
gency core cooling effectiveness. 
As a result of those two years of hearings, 
in December 1973 the AEC issued a set of 
criteria which shall be used by all utilities 
(and that means the vendors that supply 
them must show the utility and the utilities 
show the AEC that their plants meet those 
criteria) which assure that the fuel does not 
exceed 2200°F as a result of a loss of cooling 
accident. Now 2200°F is well below the 
point we think the fuel gets into trouble. 
The melting point of the cladding is about 
3300°F, but it goes under severe oxidation 
reactions in a steam atmosphere and begins 
to deteriorate at temperatures at the 2700 or 
2800° range. So the AEC feels its safe if you 
can guarantee that you don't exceed 2200°. 
But to further guarantee that you don't 
exceed 2200° they specify how you must 
calculate what temperature you achieve as a 
result of this accident. And that calculation 
includes, as you might guess, a large num-
ber of conservatisms because the blow down 
of this large primary system steam into the 
containment is a rather dramatic and com-
plicated accident whose details, even with 
today's largest computer, can't be calculated 
with the precision that we might desire. 
Nonetheless we use what all engineers use 
and that is conservative values for the vari-
ous quantities needed in the calculation to 
calculate an outer bound of what's the worst 
that could be. And that's exactly what the 
AEC requires. They make you assume a 
whole variety of pessimistic assumptions in 
your calculations to assure yourself that the 
2200° you calculate is in fact the worst pos-
sible temperature it could achieve and not 
what you anticipate it might. In fact, people 
who calculate it on their best engineering 
judgment calculate that the temperature 
achieved in these accidents is between 1200-
1400 °. In such accidents, the good engi-
neering estimate is that we would expect 
that you would get 1200 to 1400° in the 
worst kinds of accidents; the fuel gets in 
trouble at 2800°, and so the margin of safety 
is some 1400° - nothing happens to the 
they'll find that there are other points to 
argue about that may be more fruitful to 
them, that is where the research work isn't 
as detailed and the amount of hard informa-
tion isn't as complete. And so they raise a 
number of other issues that I thought would 
be worthwhile to outline here. 
One in the forefront today is the failure of 
the pressure vessel itself, of the plant. In a 
large modern nuclear power station, the 
pressure vessel is a steel vessel. It's typically 
between 10 and 15 feet in diameter and 
between 30 and 60 feet high and it must 
contain the primary water at pressures 
between 1000-2000 psi. It is felt that the 
failure of that vessel is so unlikely that there 
are no systems in the reactor to defend 
against its failure. And should it fail in a cat-
astrophic way, there's little question but 
what the core would be uncoolable and it 
would melt by virtue of its fission product 
heat. And the argument today is, how con-
fident are we that pressure vessels won't fail 
by some of the mechanisms by which steels 
have been known to fail? Probably the best 
compiled document for the case of the prob-
ability of pressure vessel failure has been 
recently released by the Advisory Com-
mittee on Reactor Safeguards. This a com-
mittee of fifteen eminent scientists who 
review all reactors and reactor projects and 
report to the AEC their findings relative to 
their safety, at least in regard to their safety 
as far as public risk is concerned. And this 
body of people has issued a generic report of 
their consideration of the pressure vessel 
failure argument and what they find. They 
have compiled from various sources 
throughout the United States and the world 
the statistics on the behavior of pressure 
vessels in other kinds of service. 
In 1950, the largest electric power generating sta-
tion in New England was 150 megawatts; that repre-
sents the decay heat you're left with when you first 
shut down a large nuclear reactor. 
fuel. However, the outside limit we think 
we could ever get, if all our best engineering 
judgment is wrong in the most pessimistic 
way, is that it might be as high as 2200° and 
we still have about 300 to 400° margin to 
safety. So that issue has been argued and I 
don't know if it has been put to bed because 
the interveners have the right to take this to 
the courts now if they're not satisfied with 
the AEC's judgment. There's no indication 
yet that they intend to do so. Rather I think 
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In the nuclear business we have barely a 
few thousand vessels years of history on 
which to base our statistics so that's not 
enough to convince ourselves that the fail-
ure probability is one in a million or one in 
ten million or some number that we'd be 
happy with. The American Boiler Manu-
facturers Association has worked in recent 
years compiling all the information known 
about the performance of boilers in the 
United States. They've specifically limited 
their investigation to boilers in use in com-
mercial electric generating stations. These 
are typically boilers manufactured since 
1939, either under ASME Section 1 or Sec-
tion 8, two codes that have been commonly 
used to specify the way the vessel should be 
manufactured, operated and serviced, 
inspected and so on. Their accumulated 
records show 723,000 vessel years of service 
and no catastrophic failures of those vessels. 
By catastrophic I mean a failure big enough 
so that had it occurred in a nuclear vessel, it 
would have denied us the use of the emer-
gency core cooling system to recover from 
the accident. They have found some ten or 
twenty "potentially disruptive" failures. 
These were small failures, cracks, leaks and 
so on, which if left unattended and allowed 
to propagate through thermal cycling or 
other means, could have lead to a larger 
break in the vessel. All of these cases were 
detected and repaired in time and the ves-
sels put back into service. Many of them 
were characteristic cracks around small 
penetrations in the vessel which of course 
don't exist in nuclear vessels by and large. 
They also reviewed the data of the British, 
which have about 100,000 years of vessel 
service, and some data the Germans have 
gotten together on a much broader class fo 
vessels, down to a very small vessels for a 
variety of applications other than power 
plants, a total accumulated experience there 
of about 1. 7 million vessel years of service. 
The combination of all this data in which 
there are no disruptive accidents in vessels 
similar to the kind used in nuclear service, 
that is large vessels in power plants, but a 
few have been noted in smaller services. At 
any rate, as a result of statistical analysis of 
all this data, they conclude that in non-
nuclear service, the history of statistical data 
from these three sources -Germany, Brit-
ain and the U .S. - provides ample reason to 
believe with 99 percent confidence that the 
failure rate of such vessels is less than 1 in 
100,000 per vessel per year. They further 
reviewed the techniques used to fabricate 
nuclear vessels, which are much stricter. 
They are what we call Section 3 of the 
ASME code. They are much stricter in 
terms of the class of materials that are quali-
fied for such service, in terms of the fabrica-
tion techniques, in terms of the quality 
assurance procedures, in terms of the in-
service conditions that are allowed - they 
may be cycled thermally fewer times, they 
must be inspected more often, and the code 
also specifies what kinds of inspection 
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It is physically impossible for today's reactors to 
detonate like a nuclear weapon, for good principles 
of nuclear reactor physics. 
should be used. In considering all these fac-
tors that would lead one to believe that 
nuclear vessels in fact may be even safer 
than the other vessels on which the 10' num-
ber were based, the ACR concluded that 
one could conservatively assume a factor of 
about 10 better for nuclear vessels. They 
feel that it may even be better than that, but 
they're quite confident that it's a factor of 10 
better. So what they finally concluded was 
that the failure rate of nuclear vessels, with 
99 percent confidence, was less than 10' or 1 
in 1,000,000 per vessel per year. Now the 
question remains, is that a low enough prob-
ability to satisfy people? We as engineers 
can suggest what's reasonable probability, 
but really society must decide and it won't 
decide blind. You've got to point out to 
them what are the risks they take and so on. 
But the AEC has suggested through its 
regulatory division that a failure rate of less 
than 10' per plant per year of a kind worse 
than the plant is designed to handle, that's 
for these very serious accidents, would be an 
acceptable design goal. 
T here are several other issues that keep 
comingup,nothavingtodo with the equip-
mentor the plant itself. One particular one 
that keeps surfacing is the safeguarding of 
nuclear materials. The threat that some 
demented or otherwise erratic person will try 
and steal in some way enough materials to 
fabricate a crude explosive, thereby 
blackmail or somehow threaten society, is a 
real threat that we shouldn't pass by lightly. 
We should defend as best we can the fuel 
cycle from such attempts at diversion. For-
tunately, in the commercial reactor fuel 
cycle we operate with lightly enriched ura-
nium, less than 5 percent U 235• This mate-
rial as it stands is not at all suitable for the 
manufacture of a nuclear explosive - in 
fact, it's impossible to do with that kind of 
material. The only place in the commercial 
fuel cycle where one runs across something 
that could be fabricated into an explosive is 
in the plutonium that's produced in the fuel 
during operations and extracted from the 
fuel at the reprocessing plant. This material, 
although not what the military people 
would call weapons grade, is in fact a mate-
rial that a crude device could be made from. 
Our most outspoken opponents argue that 
because of this threat we should cease and 
desist with the nuclear power program in 
this country. I think my basic argument to 
that is as follows. If we stopped all nuclear 
power plants in this country, there is no 
question that there would be some reduc-
tion in the potential risks of threats of this 
kind. However, the most desirable things to 
divert from such a person are not cans of 
plutonium dioxide from a reprocessing 
plant but completed weapons from the mili-
tary or parts of completed weapons from the 
production that goes into making the mili-
tary devices. And so by far the biggest threat 
from this source comes not from the nuclear 
power industry at all but from this nation's 
and at least four other nations' programs to 
manufacture nuclear explosives for the pur-
poses of national security and in a few cases 
for purposes of civilian applications. And so 
what we would do is give up all the benefits 
that nuclear power offers for a very small 
reduction in the total risk of threats of this 
We could pack up our nuclear wastes in a rocket and 
fire it off to the sun - but we want to make sure that if 
therocketfallsbacktoearththewastecapsulewon't 
deteriorate or break open. And looking at the matter 
as an engineer, if we can makeitthatgood, why not 
put the material in the can, set it somewhere on 
earth, and forget about it? 
Any way we generate electricity leaves a legacy to 
our unborn generation, whether it be C02 in the air 
that could change the climate, whether it be the 
depletion of fossil fuels or the creation of enormous 
ash piles, whether it be buried atomic waste 
products. 
the risk is very small and acceptable; and 
that's really the battleground that we're 
fighting in. It's very hard to prove that 
you're safe as 1 in a million per year because 
there are no statistics to prove it so its a very 
fruitful ground for them to press their argu-
ment. And so in looking at this you must 
always ask yourself, well if there's a risk, 
and there is, what are the consequences of 
not going with nuclear power? We now pro-
pose to have in operation in this country 
about one hundred 1,000 megawatt electric 
generating stations from nuclear power 
within six or seven years, by the early 1980s. 
And I ask myself, What alternative would 
we have? Well, in today's world climate the 
only alternative we have here in the United 
States, I would argue, is coal. The potential 
for buying enough oil I feel is out of the 
question. The price is out of the question. 
We have substantial amounts of coal and we 
can generate the power that way and I'll 
gladly argue with anyone that there's not 
other technology available, now or other-
wise, that could be brought on line in this 
quantity and this size by 1983. So let me ask 
then, what is the difference to society 
between operating 100 coal stations at the 
1,000 megawatt level or 100 nuclear 
stations? 
What I'm going to talk about is the 
annual effect ofone hundred 1,000 megawatt 
electric power plants. Now, a 1,000 mega-
watt power station is an enormous piece of 
equipment that generates enormous 
amounts of energy. Just to put it in per-
spective, a 1,000 megawatt coal plant con-
sumes coal at the rate of 10,000 tons a day. 
That is, a 100-carfreight train load is pulled 
up to the plant and dumped every day. In 
fact it consumes coal so fast that they can no 
longer dump coal cars by opening that little 
hatch at the bottom. They actually pick 
them up and turn them over to dump the 
coal out. Otherwise it takes too long to get 
the coal into the bin. A plant this size uses 3 
million tons of coal a year. If it were an oil 
plant it would burn about 12 million barrels 
of oil a year, and that's enough to heat 
250,000 homes in the city of Worcester for 
that same year. It's just enormous magni-
tudes we're talking about that few people 
perceive or realize who haven't really gotten 
close to these plants and thought about it. 
Now let's ask ourself what's the health 
effect? The best article I know that discusses 
these effects is one by Lave and Freeburg 
which appeared in a recent issue of Nuclear 
Safety and I recommend it to you. T hey've 
come to the conclusion that if you compare 
the effects of health of air pollution from 
coal plants versus the effects on health of 
low levels of radioactivity emitted from 
nuclear plants, the coal plants are 24 to 
18,000 times a bigger health hazard so let 
me just call that worse. 24 comes from the 
old boiling water reactors which released a 
significant amount of short-lived radio-
activity from their air ejectors on their con-
densers, and 18,000 is the best new 
pressurized water reactor which has very 
low emissions. And new boiling water reac-
tors are at least 50 times better than this, so 
for new plants it's about 1,000-18,000 
depending on the variety of plant you use. 
What about the health effects on the work-
ers? This is to the general public. In mining 
that coal we would expect from coal mine 
statistics to have between 300 and 400 min-
ers killed. (This actually is the number for 
the whole fuel cycle but most of the acci-
dental deaths occur in the mines so we'll put 
A 1,000 megawatt coal plant consumes 1 O,OOOtons 
of coa I a day-a 1 00-ca r freight train - so fast that 
they can no longer dump coal cars by opening the 
hatch in the bottom. They pick them up and turn 
them over. 
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it down there.) 300 represents the surface 
mining, 400 the underground mining. In 
nuclear operations, about 15 to 22. Again 
remember, this is for 100 plants, the coal 
needed for 100 plants. The long-term health 
effects, which include such things as. black 
lung, about 18 times worse in the coal min-
ing industry than the effects of lung cancer 
and other diseases which sometimes appear 
in uranium miners. Just to give you an idea 
of these chronic effects in the coal mine 
industry in the United States, in 1972 the 
U.S. government paid out $554 million in 
claims for black lung disability - a half a 
billion dollars in health claims just from the 
coal industry alone. It's a substantial item. 
We hope it'll get better with new mining 
regulations, but we just don't have statistics 
enough to know how much impact that'll 
have. Presumably it'll be better. Presum-
ably the nuclear part will be better with the 
new health effects there too. Bear in mind 
that each miner can mine so much more fuel 
(in terms of the megawatts it produces) in 
uranium that there are substantially fewer 
miners needed, and that's basically the rea-
son that the numbers are so different. 
How about air pollution? In air pollution, 
there are about 20 million tons of particu-
lates released per year from these hundred 
coal plants. There are about 10 million tons 
of S02. T here are about 100,000 tons of car-
bon monoxide. And there are about 2 mil-
lion tons ofNOx. T he nuclear plant, of 
course, has none. No chemical pollutants 
are emitted from a nuclear plant, no chem-
ical air pollutants other than the diesel gen-
erator which is tested regularly. 
Now, waste. From a fossil fuel plant with 
uncontrolled burning, so that most of the 
stuff is in this particulate number, there are 
still about 5 million tons of ashes. And the 
nuclear is 1ton ofwasteperplant, that's100 
tons of highly radioactive waste. 
Environmental effects. It requires, if we 
strip mine, the tearing up of 140,000 acres to 
get the coal and it requires 1600 acres if we 
strip mine the uranium - substantial differ-
ence in the amount of environmental impact 
from the mining. 
Finally the economics. At today's price 
structure, nuclear plants have somewhere 
between 0.5 and lq: advantage in the price 
per electricity per kilowatt hour. Let me 
point out to you that today's nuclear plants 
generally can achieve electrical production 
at the cost of about 1.2 to l .5q: per kilowatt 
hour. Oil at the cost of $6 a barrel is a fuel 
cost of lq: per kilowatt hour, to which we 
have to add the capital costs and operating 
costs of the plant, which put oil between 
2 and 3q: a kilowatt hour (and oil today is 
closer to $10 a barrel.) Coal is somewhat 
lower than that, probably around 1.9 to 2q:; 
it depends how close you are to the mine. So 
with domestic coal there's 0.5q: difference. 
With oil the nuclear advantage is more like 
lq:. What does that mean? We have 100 
plants. Let's assume they operate for 6,000 
hours a year. That gives the annual savings 
kind, which seems to me not a sensible or 
rational policy for society to follow. 
There are other things that our critics 
worry about. One of the most commonly 
spoken of is the waste from nuclear plants. 
Nuclear plants in the 1,000 megawatt size 
produce about 1 ton of very highly radio-
active waste a year. It is a very nasty mate-
rial that must be handled carefully and must 
be sealed in such a way that it doesn't get 
into the biosphere where it'll get in our food 
cycle. The worst part of this material has a 
half-life of twenty or thirty years but there 
are trace elements with half-lives of thou-
sands of years in this material. Our critics 
argue that we leave, through the generation 
of power by nuclear means, a legacy to 
unborn generations that we have no right to 
leave. There is no question that we leave 
something that will be around for a long 
time. I think though that there are ways that 
we can deal with it safely and protect it in 
such a way that it won't get into the 
biosphere. 
Let me point out that one ton of material 
produced in the generation of about $100 
million worth of electricity is not a very big 
problem, because you can take a rather large 
amount of dollars per ton, without ever 
noticing it, off the top of that $100 million 
worth of electricity thatthis 1,000 megawatt 
plant generates each year. And so we can 
afford an enormous amount of money with-
out ever affecting the cost of electricity to 
assure ourselves that this material doesn't 
get free in the environment and affect future 
generations. Now the current policy of the 
Atomic Energy Commission is that this 
material be converted into a glassy like sub-
stance that's insoluble in water and normal 
environments that you encounter, and 
encapsulate it and store it in what's called 
interim storage, whose length of storage is 
felt to be 20-50 years, while we decide on 
which of these technologies we want to use 
to dispose of it in its ultimate way. There are 
at least three techniques currently under 
investigation, any one of which looks like it 
has the capability of ultimately getting rid 
of this material. One is burying it in deep 
layers of salt underneath the country. The 
country is underlain with salt about one-
third of the area in depths of 1,000 to a few 
thousand feet, in seams from a few hundred 
to a few thousand feet thick, and it provides 
a very good place to store something per-
manently for several reasons. One is the 
fact that the salt has been there for geologi-
cal times means that there are not under-
ground water streams or the salt would have 
dissolved and been washed away. So there's 
no problem of underground waters in bed-
ded salt. Earthquakes, which might tend to 
crack and cause faults in other kinds of geo-
logical formations, crack and cause faults in 
salt, but it's a plastic material that reseals and 
it makes a sealed containment around your 
radioactivity even if temporary cracks 
develop. And finally salt is a good ion 
exchange medium so that any radioactivity 
gets loose immediately gets trapped on the 
salt and still doesn't move anywhere into the 
environment. So for all these reasons it 
seems to be the most desirable method. 
There are other methods, including such 
things as firing the wastes off into the sun. 
It's within the realm of our technological 
capability now and even at today's prices 
wouldn't make electricity prohibitive from 
this source. There are however some safety 
problems involved with that because we'd 
want to assure ourselves that should our 
rocket fail, the capsule won't deteriorate 
when re-entering the atmosphere and com-
ing back to earth. And as an engineer when I 
look at it, if you make the capsule good 
enough to survive all that, whynotjustcanit 
and set it somewhere on the earth and forget 
about it. And there are other kinds of geolog-
ical disposal. There are places where the 
earth's crust is going down toward the 
core and its been suggested that the radio-
activity be buried in these places and in geo-
logical time it'll move into the earth's core 
and be gone as far as getting into the 
biosphere is concerned. So all these things 
seem to be reasonable ultimate disposals. 
None of them have been developed to the 
point of being put into full-scale operation 
and a temporary storage scheme is the one 
currently being used. 
the time would have been consumed by nor-
mal expected shut downs for repair, main-
tenance, and refueling, and the other 20 
percent or so has been because of unex-
pected failures in plant equipment that 
required the plant to be shut down for 
unpredicted repair. About half of this shut 
down time was due to the non-nuclear parts 
of the system and about half was due to the 
nuclear parts of the system. I don't think 
that's an outstanding record. About the only 
thing I can say in its defense is that its 
exactly the same record that large fossil fuel 
plants put into service and operated over the 
last ten years also exhibited. I think both can 
be improved. 
I think our critics have a point when they 
say unreliability is in their minds unsafety. 
Well, I think reliability is related to safety 
because certainly unexpected events all have 
the potential of creating a safety problem. 
Our record's been outstanding. The things 
that have gone wrong, even in vital systems 
when they've happened have not come close 
to compromising the plant or getting it into 
any condition close to melting the fuel. And 
for that we should thank the engineers who 
put in a great amount of redundancy and the 
regulatory agencies who require it to defend 
against all kinds of unexpected break downs 
and failures of the system. There's never 
been a major release from a nuclear plant. 
I don't think nuclear plants have had an outstanding 
record of reliability. But it'sexactlythesamerecord 
as fossil fuel plants put into service during the last 
ten years. 
I would point out that any other way we 
generate electricity leaves a legacy to our 
unborn generations, whether it be the mil-
lions of tons of C02 we put into the atmo-
sphere that could change the earth's climate, 
whether it be the depletion of our fossil 
fuels or the creation of enormous ash piles 
from the burning coal - any one of these is a 
serious deprivation offuture generations if 
they desire to use these resources too, and I 
think we all realize that. So a lot of the 
things we do leave a legacy to unborn gener-
ations and I hate to see the argument used 
just against nuclear. I thing we ought to be 
careful about everything we use. 
That reviews some of the key arguments 
that the critics raise against us. They contin-
ually argue about the reliability of these 
plants. Our reliability record has not been 
outstanding with nuclear plants. In the last 
ten years their availability for the genera-
tion of power has been about at the rate of 
68 percent of the available time had they 
actually been able to generate and deliver 
electricity. About 10 percent of the rest of 
There has never been a claim against a 
nuclear plant by a third party for injury to 
them by virtue of nuclear incidents in the 
plant. That's an outstanding record which I 
think we'll only continue to achieve if we're 
diligent and pay attention to safety details. 
I'd surely like to see us get the reliability of 
the plants higher. I think that's achievable, 
and the pay-off is enormous. Any utiltiy 
which can get 10 percent extra out of its plant 
gets about 1,000 extra hours of operation a 
year, and this comes tn several million dollars, 
worth of electricity extra a year, and the pay-
off is really real. I don't think in general the 
utilities have devoted enough effort to this 
problem but the Electric Power Research 
Institute is committing substantial funds to 
reliability studies and I think this will 
improve rapidly. 
The basic argument between the nuclear 
power proponents and the critics centers 
around this: there are risks from the opera-
tion of the nuclear plant, risks of rather seri-
ous and bad accidents. The critics say the 
risk is much too high; the proponents say 
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To calculate the worst-case accident involving a 
commercial airliner, we would have to assume it 
crashed into the Rose Bowl during the afternoon of 
New Year's Day; thousands of people would be 
killed. But the risk of that happening is very small. 
And the risk of nuclear accidents is in the same 
range as that. 
to society of somewhere between $3 and $6 
billion. That's not a small amount of money 
to be sneezed at. We've always felt in this 
country, particularly during the SO's and 
60's, that we had all the capital we wanted to 
do anything we wanted. We're fast becom-
ing a capital-short rather than a capital-rich 
country, as the interest rates show us. I 
would submit that to be able to save society 
$3 to 6 billion for some other activity is a 
worthwhile thing to try and achieve. 
Against all these advantages for nuclear 
power we must weigh the chance that they 
can cause an accident much more severe 
than a coal plant accident of any kind we can 
imagine. And we have to decide for our-
selves what probability we're willing to 
Drawing by Chas. Addams; © 1974 
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accept for such a severe accident. We have 
been working for two years in Washington 
to try and define what this risk is, both its 
probability and its consequences. The 
results aren't out yet, but basically we find 
no alarmingly high probability. I think its 
fair for you to assume that means some 
number like 1 in 1,000,000 or less is prob-
ably in the range that our results might 
come out. What we also find is that the most 
likely consequence of melting the core is a 
much smaller accident than that perceived 
by the critics of nuclear power. They get 
their very bad accident by not only assum-
ing the core melts, they assume it melts in 
the worst way, the worst thing happens, the 
worst weather exists, the highest population 
exists around the plant, and predict rather 
staggering numbers of fatalities and injuries 
as a result of this. There is a rather high 
number if you really dump the whole fis-
sion product inventory out into the atmo-
sphere under the very worst conditions, but 
the probability of such an event is many 
grders of magnitude down from what you 
would ordinarily expect to happen. 
If I asked you what's the likely con-
sequence of an airplane crash, you'd say 100 
or 200 or 300 people killed. But we've done 
calculations to see what we get if we take this 
same kind of approach toward airplane 
crashes, and we find that airplanes can crash 
and cause between 10,000 and 20,000 
deaths. This comes about simply because 
airplanes fly over places where large groups 
of people congregate. Specifically, take the 
Rose Bowl during the Rose Bowl game or 
any one of our many sports stadiums, race 
tracks or other public events during the time 
that the activity is going on. The probability 
is very small that an airplane will crash into 
them, but there seems no question that if it 
crashed into the crowded stands of one of 
these stadiums, literally thousands of people 
would be killed. Now I think we all under-
stand that, and we judge that the risk is very 
small. I think the risks from these nuclear 
accidents are in the same range as that. And 
I think they're perfectly acceptable for the 
benefits we get. WPI 
WP/ Journal I October 19 7 4 I 19 
Power production 
and the public interest? 
What's that? 
by Myron M. Cherry 
So you think the Atomic Energy 
Commission knows all about nuclear 
power? Then you probably believe it 
serves the interest of the general 
public, too . .. 
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Myron M. Cherry is an attorney with the 
Chicago firm of Jenner & Block. He attended 
the University of Illinois and the North-
western University Law School, graduating 
in 1962. Since 1970 he has specialized in 
environmental litigation, being particularly 
concerned with the '?ack of rational behavior 
in the construction and operation of nuclear 
power plants." He has represented citizens' 
and environmental groups throughout the 
country in opposing nuclear power plants. He 
is counsel to Ralph Nader and the Friends of 
the Earth in a lawsuit seeking to shut down 
nuclear power reactors throughout the United 
state and local agencies in connection with 
state and local angencies in connection with 
power siting bills, nuclear moratorium bills, 
and particularly bills dealing with increasing 
the ability of the public to participate in gov-
ernmental decisions concerning power 
production. 
I HOPE TO SUGGEST some ways of 
solving what I choose to call an 
accountability crisis rather than an energy 
crises. Participatory decision-making is an 
accepted theorem of our form of govern-
ment, business and other institutions. In 
practice, however, we make decisions in a 
manner which avoids as much as possible 
factoring in all of the various interests. 
More specifically in terms of power produc-
tion, decision-making has been monopo-
lized by a few and ripped from the grasp of 
the many. Historically the interests which 
have made decisions have been the ones to 
profit handsomely and enormously, and the 
interests which have gone unrepresented 
have suffered and been abused. T hese 
abuses have run the energy gamut from 
being subjected to unreliable, dangerous, 
and unethical ventures such as nuclear fis-
sion plants to slick ad campaigns that tells us 
to brush, wash, cook, and make love electri-
cally, and portray a juvenile he-man philos-
ophy in being able to pop a can of beer, all 
more expensive and all made at the sacrifice 
of the many unwary who used to believe 
that the government and the president don't 
lie. Even at the so-called professional or 
academic levels in organizations such as the 
American Nuclear Society and the Atomic 
Industrial Forum, the password has been 
keep the lid on and let's solve the problems 
ourselves. This kind of flavor of a lack of 
professional responsibility is in my judg-
ment evidenced by the failure of the Ameri-
can Nuclear Society to have tackled openly 
and in a series of public meetings the safety 
and reliability problems associated with 
nuclear development and by the dishonest 
lack of openness that pervades the entire 
nuclear industry as well as Washington's 
version of machine politics, the Atomic 
Energy Commission. Statements of this 
nature are not made only by those critical of 
the industry such as myself. Thus the 
November 1973 issue of Power Engineering 
magazine said of the nuclear industry's out-
look and credibility: "The nuclear commu-
nity seems to profit little from some pretty 
plain and important lessons of recent his-
tory." And a study of AEC licensingpro-
cedings completed in August 1973 under a 
National Science Foundation grant at 
George Washington University School of 
Law concluded that, "despite lip service 
paid to citizen participation in govern-
mental decision making, agency arrogance, 
expert elitism, stacked-deck proceedings, 
and the consigning of citizens to help-
lessness before the steamroller of big gov-
ernment is the rule rather than the 
exception." James Madison once wrote, 
"knowledge will forever govern ignorance, 
and the people who mean to be their own 
governors must arm themselves with the 
power knowledge gives. A popular govern-
ment without popular information or the 
means of acquiring it is but the prologue to a 
farce or a tragedy." 
Decision-making in power production 
has been more than just farce or tragedy. It 
has been a long-running, worldwide pro-
duction whose continually renewed objec-
tive has been to seek a profit; and demand, 
when not manipulated, is satisfied only 
when the price of admission has been paid 
in advance many times over. Yet merely 
having the people seek entry into decisions 
affecting their lifestyles is only part of the 
solution. The other and necessary part is a 
sincere invitation from those presently in 
power. Without desire to participate by the 
people and a willingness to share in a mean-
ingful way by industry and government, 
decision-making resembles little more than 
despotism, a despotism which is benevolent 
only when it pays. When I speak therefore 
of public participation, I am talking about a 
partnership which does not exist today in 
the power production arena. Let me pose a 
few examples. When a utility decides to 
build to expand its facilities, it likely tells 
reporters, shareholders, and others who lis-
ten that it is doing a noble thing, satisfying a 
public need and demand. That public need 
and demand is manipulated; it is a forced 
objective based upon what the utility's large 
industrial customers want to build or sell 
and feeds a consumer market most aptly 
characterized as needed or not. To be sure, 
we need power. To be sure, however, we 
encourage wasteful uses of electricity and 
no one has ever accused utility executives of 
spending too much time talking to those 
whose environmental destinies they daily 
affect. At the regulatory level in the federal 
agency, the public is similarly treated. Ten-
nessee Valley Authority, the Corps of Engi-
neers, Federal Power Commission, Atomic 
Energy Commission - all actively avoid 
facing up to public input or actively try 
through unfair hearing rules to face it down. 
And when was the last time that a state pub-
lic service commission had more on its mind 
than giving its monopolistic partner, the 
utility, a fair return on its investment. 
Critical? Indeed these remarks are criti-
cal. Factual? I think they are supported by 
the record. The point is that we can no 
longer in our society permit any group, no 
matter what its interest, to spend time in a 
room of mirrors facing only approval from 
its peers and avoiding the shake and jar of 
contrary opinion and the enlightened 
insight that perhaps prior practices were in 
error. We can no longer avoid the luxury of 
a Chet Hallowfield who scorns nuclear crit-
ics for wanting to prove the civilian nuclear 
power program wrong all these years rather 
than inviting them into the safety hearings 
which the joint committee has promised for 
more than three years. Before we examine in 
some detail the present status of the public 
participation partnership and how we might 
institute changes to ameliorate it, I think it 
useful to see what changes an enlightened 
public opinion can force even under the 
present system of unfairness. In my judg-
ment, the present examination worldwide of 
our energy problems was brought into focus 
by a series of public interest victories which 
exposed the profit-demand syndrome which 
has afflicted power production decision-
making. The Arab oil embargo was perhaps 
the excuse for examining the energy indus-
try and the values it both serves and 
neglects. It was not, however, the reason. 
Back in 1970 when the National Environ-
mental Policy Act had not yet emerged as 
the instrument of social and economic 
change it is today, energy interests were not 
subjected to critical examination. The oil 
interest had succeeded in playing both sides 
of the fence, urging an oil import quota 
when they wished to expand to abroad and 
seeking changes in our import program 
when domestic capacity was at full tilt. 
Nuclear power plants were being purchased 
at an alarmingly fast pace without any 
examination of their potential legacy, or for 
that matter any concern that safety prob-
lems of the 1960s which, rather than being 
resolved, were added to with more problems 
of increasing severity and complexity. And 
energy conservation - that can be answered 
by simply referring to the large illuminated 
sign that Commonwealth Edison had in full 
view of all those traveling into Boston from 
Logan Airport. It said simply, Electricity Is 
Your Best Buy. 
So in 1970, when the so-called public 
interest movement began on its way, people 
clamored for answers. Citizens' groups, dis-
tressed by the quality of response, secured 
lawyers, economists, engineers, and stu-
dents and began the battle. It began with 
thermal pollution, the heating of large 
masses of water from the waste heat of 
nuclear power plants. It then exposed the 
poor workmanship of construction and 
operation of nuclear power plants and 
forced the AEC to focus on a problem per-
haps emerging as the Achilles heel of the 
nuclear civilian power program - unre-
liability and poor quality control and qual-
ity assurance. No less than American 
Electric Power Corporation and Consoli-
dated Edison of New York have said no to 
nuclear, rejecting future plants with an 
unsatisfying and bitter reaction to their 
experience. These experiences are presently 
growing with large nuclear mistakes spread-
ing through the country. Indian Point I and 
II, Pilgrim, Vermont Yankee, Palisades, 
Midland - not battles in some revolution-
ary war but monuments to waste, neglect 
and wrong thinking. And many others fac-
ings so many problems that the Wall Street 
journal investigated and then quipped that 
nuclear plants were atomic lemons whose 
unreliability was their most dependable fea-
ture. Right now in New England you have 
five nuclear power plants, four of which are 
not operating. And it's the same throughout 
the United States. 
As nuclear critics became more educated 
and as the industry's lack of honest informa-
tion became apparent in the frenzied propa-
ganda that brownouts were in store, safety 
became the focus of the controversy. Along 
with the failures of emergency core cooling 
testing at Aerojet Nuclear came the Union 
of Concerned Scientists and scores of local 
and national citizen groups, exposing the 
soft underbelly of nuclear power - the lack · 
of safety regulations. As 1971 emerged into 
1972 and '73, public exposure brought us 
emergency core cooling systems whose 
reliability is guesswork, steam generator 
tubes that leak, nuclear fuel that densifies, 
valves important to safety whose pedigrees 
were unknown, structural mistakes which 
cost millions to repair and operation error 
and just plain stupidity, such that an AEC 
report recently concluded that the absence 
of death or serious injury was largely "the 
result of good luck." Most recently, through 
For as long as one can remember, policy in 
connection with power production has been made 
and maintained by those in control of the sources 
and distribution of power production. 
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the courtesy of Mr. Dye of the Los Angeles 
Times and not the reporting industry of the 
ANS or the AEC, we have been treated to 
radioactive leaks at storage facilities so per-
vasive and so serious that an entire river 
basin's drinking water is threatened and the 
AEC is concerned about a critical mass 
forming, not in a nuclear weapon but in a 
radioactive waste storage facility at Han-
ford, Washington. The exposure of faults in 
the power production arena have not been 
limited to nuclear. Thus we have seen off-
shore drilling that violates first principles of 
environmental protection, a wavering U.S . 
oil production capacity geared solely to 
profit, the Alaskan pipeline controversy that 
exposed not only environmental degrada-
tion but also the monopolistic evils of 
integrated oil companies smothering inde-
pendent competition, and the fact that price 
structures governing the distribution of 
electricity favor the high user, forcing the 
poor once-again-unrepresented public to in 
effect subsidize the damage done to its 
independence and environment. 
Now before you think that my litany of 
horrors in power production is an end in 
itself, let me tell you that each and every one 
of these matters was brought to light by 
public prodding and by the desire of the 
public to execute its half of the public parti-
cipation partnership. Each and every one of 
these matters was fought by industry and 
reasonable decisions. It can serve as a safety 
valve, allowing interested persons and 
groups to express their views before policies 
are announced and implemented. It can ease 
the enforcement of administrative programs 
relying upon public cooperation. And it can 
satisfy judicial demands that agencies 
observe the highest procedural safeguards." 
Professor Gellhorn then concluded that if 
agency hearings were to become readily 
available to public participation, confidence 
in the performance of government 
institutions and in the fairness of adminis-
trative hearings might be measurably 
enhanced. 
A survey of the types of public participa-
tion presently permitted by the adminis-
trative agencies which regulate power 
reveals the following: there are six major 
administrative agencies which have a sig-
nificant voice in power production. These 
are the Tennessee Valley Authority, the 
Corps of Engineers, the Federal Power 
Commission, the Atomic Energy Commis-
sion, and the Departments of Interior and 
Commerce. The first four are concerned 
primarily with regulating the power itself 
while the last two, Commerce and Interior, 
have jurisdiction over various forms of our 
natural energy resources. Generally speak-
ing, no form of active, trial-type public par-
ticipation is permitted in four of these 
agencies and while two of them, the FPC 
Power production has proceeded with only two 
objectives in mind - profit and comfort -with no 
long-range plan except to nourish and prod an 
insatiable demand. 
government, sometimes in openly dishonest 
ways, thus violating completely its half of 
the partnership. Public participation in a 
meaningful way is not the result of organ-
ized society. It is rather a crucial pre-
condition to the maintenance of organized 
society. 
Now that we have in mind perhaps the 
philosophy of public participation, and 
have set out some of its achievements 
despite the opposition and lack of account-
ability of those in power, its time to focus on 
the present system and offer some sugges-
tions for change. Ernest Gellhorn, a profes-
sor of law at the University of Virginia and a 
long-time student of public participation in 
administrative decision-making, recently 
wrote in a law journal on this subject. He 
said, "there are a number of potential social 
advantages to public participation in 
administrative hearings. Public inter-
vention can provide agencies with another 
dimension useful in assuring responsive and 
22 I October 19 7 4 I WP/ Journal 
and AEC, have authority to hold public 
hearings, they have rules so strict that it's 
very difficult if not impossible to explore 
fairly power production issues before them. 
No agency actively solicits public participa-
tion from public interest groups as a matter 
of routine and no agency provides funds to 
pay costs and expenses of public participa-
tion. The most general type of permissible 
public interest input is gathered in the so-
called "notice and comment hearing," 
where groups can submit written comments 
to an agency. This type of proceeding, while 
perhaps satisfactory for broad future policy 
decisions, is inapposite and even unfair in 
most situtations. A public interest group in 
notice and comment hearings has no oppor-
tunity to see other views submitted and has 
no opportunity to question or cross-examine 
the agency's viewpoint. Thus this type of 
proceeding permits an agency to advertise 
that it receives public interest type com-
ments without however actively promoting 
and soliciting that comment under fair 
procedures. Moreover, even if such infor-
mal procedures were satisfactory to solicit 
the views of public interest groups, agencies 
rarely give adequate notice of their deliv-
erations so that all interested persons and 
groups even know that a hearing is to take 
place. Rarely are agency proceedings 
noticed in anything except the Federal Reg-
ister, a daily compilation of agency action 
which is quite expensive and not readily 
available to local citizen groups. 
I hesitate to leave this portion of my 
remarks without a word about Atomic 
Energy Commission procedure, a proce-
dure with which I have had more than pass-
ing acquaintance. I have been involved with 
the AEC's regulatory adjudicatory process 
for more than three years and in connection 
with more than ten contested interventions 
and three generic-type national rule-making 
hearings involving the emergency core 
cooling system, the nuclear fuel cycle, and 
the transportation of radioactive waste. 
Briefly, theAEC'sprocedurescan be out-
lined as follows. A utility files an appli-
cation explaining as little as it can get away 
with and dubbing whatever it does reveal of 
substance as proprietary. No notice of filing 
is given anyone, and a person or group who 
is interested in utilities application is usu-
ally not aware of the filing and may not usu-
ally get a copy of the application. The 
application is then the subject of periodic 
review by the AEC regulatory staff and the 
Advisory Committee on Reactor 
Safeguards. Many meetings are held with 
the utility and vendor and most all meetings 
go unrecorded in any formal fashion. Let-
ters between and among the utility, vendor, 
AEC and ACRS are conveniently placed in 
a Washington, D.C., document room, 
hardly providing notice or information to 
citizens outside that area. This procedure 
continues for about two years until the nego-
tiating procedure is resolved in a deal. The 
regulatory staff has accepted the utility's 
promise that all will be worked out during 
construction, and an appropriate research 
program has been appropriately imple-
mented. Thus the director of regulation at 
the end of this two-year back-room review 
agrees to issue a construction permit or 
operating license. If the director of regu-
lation is not so disposed, then the back-door 
negotiations continue until he is. Also at the 
end of this negotiation period, the Advisory 
Committee on Reactor Safeguards issues its 
usual letter saying that all is well provided 
the utility keeps the various promises it has 
made and continues generally to consider 
problem-solving and advise the ACRS. 
Ironically and as a mark of the ACRS's lack 
of responsibility and credibility, it is inter-
esting to note that since 1965 the ACRS has 
been issuing such conditional letters about 
emergency core cooling system resolution 
but never has answered the quite simple 
question of why it hasn't recommended sus-
pension or revocation of permits or licenses 
issued upon condition of the fulfillment of a 
promise which has never been fulfilled. I am 
speaking about the promise, to resolve the 
ECCS problem, extracted from but not ful-
filled by every utility since the Indian Point 
II construction letter in 1965. At the end of 
the negotiating period, having advised the 
utility that intends to issue a permit or a 
license, the AEC finally decides to issue a 
notice of public hearing, soliciting inter-
vention by persons whose interest might be 
affected. 
This point, however, is when an inter-
ested party first begins his analysis of what 
he wishes to raise in his petition to inter-
vene. He has thirty days to file a petition and 
it must be supported by an affadavit which 
attempts to justify his position from a scien-
tific standpoint. Thus the public interest 
group, not having access to any information, 
unless it travels to Washington to see it, is 
expected to analyze and justify intervention 
of an application which has undergone two 
years of review by the AEC and do it in 
shortly under thirty days. The process of 
catch-22 unfairness continues. AEC rules 
provide that a petition to intervene or part 
of it is to be denied if it isn't set forth in very 
specific terms, but they won't give you access 
to information necessary to be specific unless 
the information is relevant to an already 
made specific contention. Let me restate this. 
A public interest intervener is not entitled to 
discovery of information unless he has stated 
a specific position related to the information, 
and since he doesn't have the information to 
therefore make a specific showing, he fails. 
And whathappens?Youhavealotof peti-
tions intervened that run the gamut from 
complaining about celery to the sun, but 
that's the fault of information not being 
available and people being forced into those 
kinds ofoptions. It's a fine way to run public 
hearings if you don't want public hearings. 
If an intervener manages to get by this 
hurdle by using or relying upon informa-
tion relating to similar power plants, he is 
met at the hearing by the following addi-
tional obstacles: ( 1) a three-man licensing 
board paid by the AEC and well-schooled 
in the art of bias; (2) claims by utilities and 
vendors that access to information is secret 
and proprietary and may not be seen unless 
you sign an agreement which prohibits you 
from disclosing the information to the 
experts on whom you may have to rely for 
your case; (3) a claim by the Atomic Energy 
Commission that regulatory staff and out-
side consultant reports on the safety of the 
reactor are unavailable because the govern-
ment needs to protect its sources to dis-
charge its obligation (note carefully, secrecy 
is a justification for protecting the public 
health and safety); (4) a claim ofurgency by 
everyone to hurry up the hearing because 
electricity is needed. The agency and utility 
are prepared to go forward - they've had 
two years, and they've made their deal. 
No one has ever accused utility executives of 
spending too much time talking to those whose 
environmental destinies they daily affect. 
I'd like to make the following comments 
about AEC procedures. The Atomic 
Energy Commission is insular and tries to 
actively promote and protect the utility at a 
hearing. This insular unfairness is caused 
by the dual functions of the Atomic Energy 
Commission, which is obligated both to 
promote and to regulate nuclear power at 
the same time, as well as by the normal 
occupational zeal of an institution which 
has no other mandate but to nuclearize 
America. The AEC is dishonest and is not 
susceptible to openness and change. The 
AEC is afraid to face issues squarely and has 
adopted a protectionist policy to preserve its 
own bureaucratic interest. As examples, look 
how long it takes the AEC to publicly 
acknowledge accidents in violation of its 
own regulation. And it's a matter of public 
record that the Atomic Energy Commission 
has never turned down a utility after a hear-
ing, despite safety problems remaining 
unresolved and promises unfulfilled, and has 
never revoked a permit or a license despite 
the fact that a recent AEC study disclosed 
that in the last two years there have been 
more than 800 reported violations of AEC 
regulations and technical specifications by 
the utilities around the United States. 
Finally, the hearing board selected by the 
Atomic Energy Commission to preside is, 
in addition to being biased, largely com-
posed of administrative hacks and hangers-
on who have little feel for or interest in a 
judicial system. 
In my judgment the AEC today is worse 
than it was under Glenn Seaborg from the 
standpoint of open information and protec-
tion of all various forms of interest. I fear 
that in order to accomplish the necessary 
change, the Atomic Energy Commission 
must disappear and come back, if at all, in a 
totally restructured and different way. My 
analysis of the need for and lack of public 
participation in power production has led 
me to suggest some specific and general pro-
posals about the structuring of the energy 
industry today. The present system of regu-
lation and creation of power production is 
in the hands of the wrong people. The sys-
tem is diffuse and cumbersome and is not 
susceptible to easy change or accom-
modation of important and emerging inter-
est. Given the lack of honesty and candor of 
industry and government, its structure -not 
its motivation - must be tampered with. 
Only if we build into a new system a barrier 
to industry insularity and remove the hur-
dles to public participation while at the 
same time encouraging such participation 
can we begin to resolve the crisis of respon-
sibility and accountability which we now 
face. I propose an energy commission for 
regulation of all forms of power production. 
This Energy Regulation Commission, or 
ERC, would have no promotional or devel-
opmental authority, but it would supplant 
every existing regulatory agency at the fed-
eral level having anything to do with the 
regulation of power production, including 
siting, construction, operation, and energy 
conservation. Its authority would include 
also the power to order that a specific power 
plant be built or not be built, that inter-
connections be made or not be made. It 
would have authority to reallocate existing 
distribution of fuels, and it could veto util-
ity expansion, requiring instead energy con-
servation measures or expanded 
interconnections with utilities having dif-
fering peak periods of loads. 
The advantages of this proposal to indus-
try, government and public-interest groups 
are numerous. First, government would 
finally be able to create, apply, and execute a 
rational, national, consistent energy policy. 
The public has become rightly concerned with the 
realization that it has been forced into a lifestyle 
about which it has had no decision-making input. 
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No more would we have the Federal Power 
Commission saying as it does now that 
energy conservation is relevant while the 
Atomic Energy Commission says it is irrele-
vant. No more would we have a policy set or 
unset by numerous divisive interests in gov-
ernment and no more would we have to 
have a situation where, as we have now, the 
administration needs several committees 
just to find out the current state of the chaos. 
Second, industry would have a one-stop 
for its power production problems. If a util-
ity wants to go nuclear but that's wrong, the 
ERC would have the power to grant alter-
nate authorization for a fossil or other type 
plant, thus eliminating the possibility of and 
wastefulness inherent in the utility having 
to file another application with another 
agency. And let me suggest, and digress for 
a moment, that there are many reasons why 
an ERC might tell a utility not to go nuclear 
even if all nuclear problems were resolved. 
It is a question of the balance of mix; it is a 
question of the adequate use of resources. 
We are in a position today where we are 
building nuclear power plants under a short 
supply of uranium, hoping that we'll get a 
breeder off the ground when we've just 
found out that the safety problems in con-
nection with the breeder, are more insur-
mountable than we have dreamed with light 
water reactors and the whole economics of 
the production problem has just gone to pot 
after the recent economic analysis the AEC 
did. There are fine and discrete issues which 
can be drawn about the kinds and types of 
decisions a utility makes, and they ought to 
be done by one agency. 
Moreover, if the reason a utility has 
decided not to build a gas facility, for 
example, is because of a lack of gas to a par-
ticular utility's area, the ERC if it ordered a 
gas facility as the best source of expansion, 
would have the authority to reallocate avail-
able supplies of gas to fuel the new plant. 
Finally, if the utility was told it had not 
made out a case for expansion, the ERC 
would have the authority to order the 
institution of energy-saving programs on all 
levels, including the price structure at 
which electricity is marketed, or order inter-
connections to assure the meeting of 
demand by existing albeit distant supplies. 
In areas outside of the economics of power 
production the ERC would rely upon the 
expertise, for example, of the Internal Reve-
nue Service or the Environmental Protec-
tion Agency to assist it in determining, on a 
case by case basis, what action will best pro-
mote our energy policy considering the 
effects and interests of the incentives or 
depressants offered by tax and environ-
mental laws. 
Third, and perhaps most important, the 
public interest can be protected. The public 
interest can be protected structurally 
because the ERC is not wedded - and 
expressly should not be permitted to be 
wedded - to any particular form of energy 
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The AEC's Catch-22: A petition is to be denied if it 
isn't specific, but you can't have access to the 
information necessary for specificity unless you're 
specific ... It's a finewaytorun public hearings if you 
don't want public hearings. 
production. No more Atomic Energy Com-
mission with its built-in insular and biased 
attitudes, no more unbalanced approaches 
to energy production; the ERC would be 
directed by statute to balance and consider 
the various trade-offs which today are 
omitted from consideration unless 
introduced in the process by a public par-
ticipant. The ERC would hold hearings on 
every application and provide a system of 
fair procedures. It would release informa-
tion in advance and provide assistance to 
public interest organizations. Since the 
ERC would not be wedded to a single 
power source, many of the due process 
problems now apparent in, for example, the 
Atomic Energy Commission would be 
eliminated. Furthermore, acknowledging 
both the past and future contributions 
which have and can be made by public 
interest groups, the ERC would be autho-
rized upon proper showing by responsible 
groups to provide expenses and attorneys' 
fees to such groups to encourage their role 
in public participation. 
Contemporaneous with the estab-
lishment of an ERC, I also propose that we 
establish an Energy Development Commis-
sion or EDC. This agency would be statu-
torily separate and apart from the ERC. Its 
mandate would be to explore and develop 
alternate sources of power not commercially 
viable, to investigate better ways to produce 
power from existing sources, and to analyze 
existing energy use patterns to devise ways 
to conserve energy use as well as energy 
production. The EDC would again not be 
wedded to any specific power source and 
would be statutorily obligated to justify its 
development in any area, each year, and 
could recommend to its sister agency, the 
ERC, to halt approval of certain types of 
power production which have not reached 
or have lost sufficient maturity so as to be 
safe, efficient, reliable, and environmentally 
sound. 
With the creation of the ERC and the 
EDC, I would propose the creation of a 
third temporary agency which would exist 
approximately two years. The mandate of 
this temporary agency would be singlefold: 
to assist the ERC and EDC in gathering ini-
tial information and to eliminate the 
presently existing scandal of the century 
concerning the lack of energy-related statis-
tics. Today no agency of the federal govern-
ment has authority to or is in the process of 
gathering information on supplies of vari-
ous forms of energy resources or the state of 
the art of future forms of energy devel-
opment. Today if we want to know how 
much oil and gas there is, we ask the oil and 
gas industry. And if you want some detail 
on how information in this industry is 
manipulated, I commend your reading of a 
three-part series entitled "Oil, the Created 
Crises" by Messrs. Donald Bartlett and 
James Steele of the Philadelphia Inquirer. 
The lack of information base today is also 
evident in the nuclear industry. Today, 
believe it or not, if the AEC wants to know 
about nuclear safety it must ask the industry 
it regulates. The AEC for example is often 
refused information on the grounds of "pro-
prietary." And today, notwithstanding the 
grave emergency core cooling system crisis 
in your industry, it has not access to the 
actual computer codes used by the industry. 
I might add that the AEC has approved by 
regulation each of these codes and appar-
ently has had no reluctance to approve that 
which it has not seen. The temporary 
agency would end this scandalous nonsense 
and would order the submission of all types 
The Atomic Energy Commission must disappear 
and come back, if at all, in a totally restructured and 
different way. 
of energy information, including informa-
tion on reserves. The information gathering 
agency will have the authority to impose 
fines and seek jail sentences for corporate 
executives unwilling to comply. Maybe 
then we'll find out why the oil industry has 
failed these past years to use secondary and 
tertiary recovery methods to extract the 70 
to 80 percent of oil it leaves in the ground 
each time it caps a well. 
I realize that my suggestions for a revi-
sion of our energy policy and regulating 
structure may be far off or even impossible 
because of bureaucratic inertia and the 
obvious interests of existing agencies to 
hold and expand their own constituencies. 
So I wish to conclude by going back to my 
earlier theme with the knowledge that the 
present system will breed more and more 
litigation opting for change. It is clear that 
the demand for broadened public participa-
tion in decision-making, as Professor Gel-
lhorn has observed, rests on the belief that 
government, like all others, rarely responds 
to interests not before it. Thus public inter-
est groups will continue to seek entry to the 
process and a fair government will welcome 
them, realizing the contribution they can 
make. Public participation is a right and 
therefore agencies have a mandate to assist 
that right, and a failure to offer that assistance 
amounts to a practical subversion of the 
right. In the end, agencies and industry 
would do better to assist and be open because 
a failure to do so, which unfairly restricts 
public participation, will only result in court 
reversals and expensive retrials of hearings 
and delays in the ultimate resolution of 
important issues. 
As each of you read this, I hope you will 
be thinking about your own personal obli-
gation to improve the system, to assist the 
public in its quest for honesty and candor, 
and have the personal courage to rock the 
boat and challenge the system when that's 
necessary. Because of the nuclear safety 
dilemma, the American Nuclear Society 
Each and every one of these matters was brought to 
light by public prodding, and was fought by industry 
and government, sometimes in openly dishonest 
ways. 
and academicians in the mechanical and 
nuclear engineering circles have a particu-
larly important obligation which is not cur-
rently being executed. Ask yourself, What 
went wrong? and What can the ANS and its 
affiliates do to open up the system? Ask 
yourself, What can I do to make utilities in 
the nuclear industry more open and honest 
and responsive to public demands? What 
can I do to help promote responsibility in 
the Atomic Energy Commission and other 
agencies regulating power sources? Ask 
yourself, if your employer is not honest with 
the public, Why don't I go in and tell him 
and if he refuses to change, write somebody 
a public letter? Ask yourself why you are 
not objecting to the Atomic Energy Com-
mission's current desire to eliminate and 
restrict public hearings when it was those 
public hearings that brought to light signifi-
cant safety problems. Have you offered your 
assistance to a public interest group seeking 
to help expand information knowledge base 
in connection with a reactor or any environ-
mental problem? Have you told the next 
guy who says it's all the fault of the environ-
mentalists to shut up? And have you 
thought, Who ought to go to jail for the 
mess we're in? If you respond positively to 
any of these questions, I assure you we'll all 
be better off. If you respond to all or most of 
them, unfairness will be past and a real part-
nership of public participation will be 
begun. 
WPI 
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The data on which these class notes are 
based had all been received by the Alumni 
Association before September 1, when it was 
compiled for publication. Information 
received after that date will be used in suc-
ceeding issues of the WP/ Journal. 
1914 
ELLWOOD N. HENNESSY was recently hon-
ored at a dinner celebrating his 50th 
anniversary as a life insurance salesman. He 
is a chartered underwriter with Phoenix 
Mutual Life Insurance Co., Worcester, and a 
life member of the company's Million Dollar 
Round Table. A trustee of Westboro State 
Hospital, he has served on the Westboro 
Finance Committee, was a selectman, town 
moderator and member of the Republican 
town committee. 
1926 
DOUGLAS S. BURNS writes that he is work-
ing part time as a real estate salesman (May 1 
to Nov. 1) for Sweetwater Lake, Inc., Nineveh, 
Ind. He spends his winters in Marathon, Fla. 
. .. WARREN P. GLEASON , a member of the 
Winter Harbor (Me.) planning board , recently 
designed a special town ordinance using 
documents from the State of Maine's various 
agencies and the University of Maine's model 
ordinances. His 11-page proposal and 
shoreland zoning map of the town drew com-
mendations from those gathered at a public 
hearing last May. 
1928 
IVAN V. ABADJIEFF is a self-employed 
research and development engineer in 
Worcester ... . WINSLOW C. WENTWORTH 
has been elected chairman of the board of 
directors at Greenfield (Mass.) Cooperative 
Bank. Since his retirement in 1971 he has 
been a consultant to Western Massachusetts 
Electric Co. (formerly Turners Falls Power 
and Electric Co.) with which he was associ-
ated for 42 years. He is a registered profes-
sional engineer and registered land surveyor. 
Active in civic affairs, he is past chairman of 
the Franklin County planning board , past 
president of the Turners Falls-Montague and 
the Greenfield Area Chambers of Commerce. 
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1929 
JOHN L. MOOSHIAN, who retired two years 
ago after 32 years of federal service as a gen-
eral engineer, recently moved to Sacra-
mento, Calif. fol lowing extensive world-wide 
travel. ... Dr. ARTHUR H. BURR, head of the 
department of mechanical engineering at the 
University of Americas in Puebla, Mexico, is 
having a busy year. Besides his duties with the 
university, he has a day-a-week consulting 
and lecture arrangement with the engineers 
at a local, modern steel mill (Hylsa). He is also 
completing a book. He writes that he and his 
wife are a stone's throw from one of the larg-
est (base area) pyramids in the world and are 
enjoying the delightful Mexican climate . 
Prof. LAURENCE CLEVELAND , retired 
Northeastern University professor of engi-
neering, was awarded an honorary doctor of 
engineering by Northeastern at com-
mencement exercises in June at Boston 
Garden . After graduating from WPI , he 
received his MSEE from MIT in 1935. In 1929 
he started as an instructor at Northeastern; 
was made assistant professor in 1936; associ-
ate professor in 1942 and full professor in 
1960. From 1957 to 1959 he was supervisor of 
the electrical engineering laboratories. He 
was executive officer of the electrical engi-
neering department from 1959 to 1962; acting 
chai rman of the EE Dept. from 1962 to 1963; 
and director of the power systems engineer-
ing program from 1963 to 1973. In June of 
1973 he was named curriculum director of 
power program courses in Northeastern 's 
Lincoln College .. . . The ARTHUR W. 
KNIGHTS, who missed the45th reunion of the 
Class of 1929, write that if any members of 
the class visiting Vermont within a 10-mile 
radius of St. Johnsbury would like to visit 
them, to phone 802-7 48-9000 for directions to 
their home in White Village, Lower Waterford , 
Vt. 
1931 
Mr. and Mrs. EDGAR A. PHANEUF, Sr., cele-
brated their 40th wedding anniversary on Ju ly 
4, 197 4. They were honored at a special party 
and by a mass celebrated at St. Matthew's 
Church in Southville, Mass. 
1932 
JOHN D. LANE has been named as Worces-
ter 's first single assessor in the 24-year his-
tory of Plan E, council-manager government. 
A real estate broker and appraiser since 1940, 
he was chosen by the City Manager over 24 
other candidates for the powerful post. He has 
the sole power to set property values and to 
grant or deny tax abatement requests. Lane 
has been an assistant city assessor since 
1972. 
1933 
JAMES B. RAFTER retired in September as 
district sales manager for Armco Steel Corp., 
Middletown, Ohio. Currently he is a consul-
tant in Boca Raton, Fla . ... On April 1 RALPH 
J . VOIGT retired following 35 years of service 
with the Narragansett Electric Co. He writes 
that he is now catching up on maintenance 
work on two houses. He also plans to travel 
and visit his son , Richard , who is an intern in 
Hanover, N.H. ; Ralph , Jr., who is a pharmacist 
in Colorado; and daughter, Janet, who is a 
physical therapist in New York City. 
1935 
JOHN J. MOLLOY retired in December after 
37 years of government service. For over 35 
years he was with the U.S. Geological Survey. 
His final position was that of district chief, 
Ohio District , Water Resources Division , 
U.S.G.S. 
1936 
RICHARD W. KEENAN , senior structural 
engineer and consultant with Stone & 
Webster, was recently featured in an issue of 
Duncan Report. He is a registered profes-
sional engineer in Massachusetts, Georgia, 
Louisiana and Texas. A member of ASCE, he 
is also a member of ASCE's committee on 
publications, Power Division . He belongs to 
the Massachusetts and National Society of 
Professional Engineers. 
1938 
RICHARD W. CLOUES received the " Engi-
neer of the Year Award" from the Peninsular 
Chapter of the California Society of Profes-
sional Engineers(CSPE) in May andthe presi-
dential award from the California Society of 
Professional Engineers in June. He received 
the first award principally for his work on the 
CSPE legislation and registration committees 
which he chaired. He was recognized in the 
second for distinguished service to the engi-
neering and scientific community, industry, 
education , and government as well as for his 
work with the CSPE legislation. Cloues, a 
project engineer , has been with Bechtel 
Corp., San Francisco, for nine years . .. . ROB-
ERT A. EVANS, assistant vice president of 
generation engineering and construction at 
Northeast Utilities, recently pointed out in an 
article in the Times (Hartford , Conn.) that 
nuclear plants that produce electricity can 
produce the heating-cooling energy needed 
by people in large cities. He went on to say that 
with a 3 ,000 megawatt thermal high 
temperature gas-cooled reactor, working on 
a gas turbine cycle , that in add ition to 
providing 1,110 MW of electricity, enough 
heat could be recovered to service 50,000 
homes. Evans is past chairman of the Con-
necticut section of the American Nuclear 
Society. 
PETER P. KOLISS, head of the Loop distri-
bution apparatus and methods department at 
Bell Labs, Whippany, N.J ., celebrated his 
35th anniversary with the company in July. He 
joined Bell in 1939 and in 1963 was appointed 
head of the outside plant apparatus design 
and development department. He assumed 
his present position in 1971 and is responsible 
for the design and development of connective 
systems for the telephone cable plant and 
customer premises. He has three patents for 
his inventions and has written four articles . 
1939 
CHARLES H. AMIDON, Jr. had 16of his circus 
oil paintings on display at the Barnum 
Museum in Bridgeport, Conn. last summer. 
He is a member of the Circus Historical 
Society . .. . JACK BOYD, former owner of the 
Nashua (N.H.) Brass Company, now repre-
sents Hollis and Brookline in the state legisla-
ture , where he has been active on the 
resource, rehabilitation and development 
committee. Currently he is fiscal agent for 
Betty Hall, candidate for the New Hampshire 
Senate, District 12. 
1940 
EDWARD E. J. HAFEY, owner of Haley Air 
Conditioning Co., Laguna Beach, Calif., 
writes that his company now distributes, for 
diversification, a line of hand hydraulic cable 
and strand cutters in the U.S. and Canada. 
The cutters are used by telephone com-
panies, electrical contractors, and electric 
public utilities. His firm also markets 12 volt 
fluorescent service lights including an under-
water model. Ed, along with Mr. and Mrs. 
DONALD R. BATES, have developed a small 
import business covering jewelry and works 
of art from Korea, Nepal, and India. Ed adds 
that' 'Don has cornered the market on age-old 
buddhas from the temples of the Orient. " 
ARTHUR R. KOERBER is a camp ranger for 
the Frontier Girl Scout Council in Las Vegas, 
Nevada. After working for General Electric 
Co. for 25 years, he is now semi-retired and 
living at Camp Foxtail , elevation 8,500 ft ., 
doing work similar to the volunteer type he's 
done for 23 years. He maintains a large 
campsite. 
1941 
Prof. CHARLES 0 . SMITH, of the engineering 
faculty at the University of Detroit, presented 
"Case Studies as Laboratory Exercises" in a 
post-conference workshop on engineering 
materials at the 82nd Annual Conference of 
the American Society for Engineering 
Education held at RPI , Troy , N.Y. in June. 
1942 
RONALD J. BORR UP is a project engineer at 
Sierracin, Thermal Systems, Los Angeles, 
Calif. 
1943 
CARL I. BENSON , Jr. is chief engineer at 
Paragon Gears, Inc., in Taunton , Mass .... 
LEONARD HERSHOFF, who is with IBM , 
writes that he is very active in community 
affairs, is president of B'nai B'rith , sings with 
the Mendelssohn Club, and is on the board of 
directors of his synagogue. He is also busy 
with United Jewish Appeal. His son, Larry, an 
honor graduate of Clark University and the 
University of Rochester, is with the Industrial 
National Bank in Providence, R.I. His 
daughter graduated from Clark with honors, 
also .. .. Dr. RICHARD T. WHITCOMB, who 
has been with NACA and NASA for 31 years 
and heads the eight-foot tunnels branch of 
Langley Research Center 's high speed air-
craft division , was awarded $25,000 cash in 
June by NASA for his invention of the super-
critical wing. He won the Collier Trophy in 
1954 for applying the area rule to design of 
supersonic aircraft, and last year he received 
the National Medal of Science, the govern-
ment's highest honorary scientific award. 
1944 
GORDON C. ANDERSON, P.E. is a super-
visory engineer at Insurance Services Office , 
New York City. 
1945 
JAMES J. CLER KIN, Jr. has been elected to 
the newly created position of executive vice 
president-planning of General Telephone & 
Electronics Corporation, Stamford, Conn. 
Prior to being elected executive vice presi-
dent-telephone operating group in 1964, he 
had served as president of GTE International 
Incorporated since 1961. Mr. Clerkin is a WPI 
trustee. 
Clerkin '45 Barrett '46 
1946 
RICHARD H. ANSCHUTZ has been named 
manager of the new management systems 
department at Pratt & Whitney Aircraft's 
Research and Development Center in Palm 
Beach, Fla. Formerly he was manager of the 
engine program for the Air Force YF-16 light-
weight fighter . He has been with the firm 27 
years. 
JOHN H. BARRETT was recently named 
vice president-chief operating officer at 
Chas. T. Main International , Inc., Boston. He 
will be responsible for general management 
of the firm's international operations in over 
20 countries. He also serves in an executive 
capacity in the management of joint ventures 
involving Main and foreign engineering com-
panies. In 1972 he became vice president in 
charge of international operations. He joined 
the firm in 1956 as an assistant office engi-
neering manager on the St. Lawrence Power 
Project. He is a registered professional engi-
neer in eight states and serves as vice 
chairman of the International Engineering 
Committee of the American Consulting Engi-
neers Council. 
JAMES I. DICK is now vice president -
manager of the press division at Harris Corp 
Fort Worth , Texas . .. . The Rev. PRESCOTT E. 
GROUT has assumed his ministerial duties 
for the United Methodist Church (South-
bridge, Mass.) and Charlton Methodist. Dur-
ing his career he has served as a pastor in 
Malden, Springfield , Whitinsville and Pea-
body and as an officer in a number of minis-
terial associations. He has also taught at 
Worcester Junior College, New England 
Institute and Nichols College. Previously he 
was employed with Pullet Raising for Egg Pro-
duction and served as a plant engineer, elec-
trical engineer, and a draftsman. 
1948 
LAWRENCE MINNICK has joined the Electric 
Power Research Institute, Palo Alto, Calif., as 
director of the nuclear engineering and 
operations department in the Nuclear Power 
Division. Formerly he was vice president, 
Yankee Atomic Electric Company, Westboro, 
Mass.; vice president-engineering , Maine 
Yankee Atomic Power Company; and vice 
president, Vermont Yankee Nuclear Power 
Corporation . He became associated with the 
Yankee Atomic staff in 1957. Earlier he was 
with Atomic Power Development Associates, 
Detroit, Mich. 
1949 
LEONARD W. FISH , senior vice president-
planning , American Gas Association, was the 
author of the article, " Conservation - A Mar-
keting Dilemma, A Research Challenge" 
which appeared in the May issue of Public 
Utilities Fortnightly . . . . Currently IRVING 
HASS is manager, contract publications, for 
Sperry Gyroscope in Great Neck, N.Y . . . . 
DAVID N. POULIN ,acareerstateemployee, is 
the new regional transit manager for the Dan-
bury-Bethel (Conn.) area and other points in 
Fairfield County. 
1950 
Dr. RICHARD G. BESCHLE, director of the 
biomedical engineering program at WPI 
developed the scientifically designed head-
gear and backpacks which are being used in 
a perception study conducted jointly by Clark 
University and WPI. The goal of this study is to 
determine the development of changes in 
relation to perception and body action . . .. 
EVERETTS. CHILD, Jr. is general manager of 
Child Associates, Inc., Seekonk, Mass. Both 
he and his wife, Janet, are real estate brokers. 
... HAROLD A. STYFFE, Jr., who recently sold 
the lyanough Inn, Hyannis, Mass., is now 
semi-retired. 
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'ENTER t 
This is your key to unprecedented 
calculating power. 
Only Hewlett-Packard offers it. 
In 1928 a Polish mathemat ician, Dr. Jan 
Lukasiewicz, invented a parenthesis-free but 
unambiguous language. As it's evolved over the 
years it's come to be known as Reverse Polish 
Notation (RPN), and it's become a standard 
language of computer science. 
Today, it's the only language that allows you to 
"speak" with total consistency to a pocket-sized 
calculator. And the on ly pocket-sized calculators 
that use it are Hewlett-Packard's 
IENTERt I is the key to RPN because it enables 
you to load data into a 4-Register Operational 
Stack with the following consequences: 
J. You can always enter data the same way, 
i.e. from left to right, the natural way to read 
any expression. 
2 You can always proceed through your problem 
• the same way. Once you've entered a number 
you ask: "Can I operate?" If yes, you perform 
the operation. If no, you press I ENTER t i and 
key in the next number. 
3. You can see all intermediate data anytime, so 
you can check the progress of your calcula-
tions as you go. 
4. You almost never have to re-enter intermediate 
answers - a real time-saver, espec ially when 
your data have eight or nine digits each. 
5 You don't have to think your problem all the 
• way through beforehand to determine the best 
method of approach. 
6. You can easily recover from errors since each 
operation is performed sequential ly, imme-
diately after pressing the appropriate key, and 
all data stored in the calculator can be easi ly 
reviewed . 
7. You can communicate with your calculator 
• efficiently, consistently and without ambiguity. 
You always proceed one way, no matter what 
the problem. 
The HP-45 uses RPN. 
That's one reason it's the most powerfu l pre-
programmed pocket-sized scientific calculator. 
Here are 8 others: 
I. It's pre-programmed to handle 44 arithmet ic, 
trigonometric and logarithmic funct ions and 
data manipulat ion operations beyond t he 
basic four(+, - , X , +). 
2 . .--- ==-----, It offers a 4-Reg ister Opera-
3. 
tional Stack that saves inter-
mediate answers and 
automatically retrieves t hem 
when they are required in 
the calcu lation. 
It lets you store up to nine separate 
constants in its nine Addressab le 
Memory Registers. 
If No 
Exceptional Values. 
HP-35: $225" 
The excepti onal va lue of these exceptiona l 
machines becomes even more apparent when you 
cons ider their prices. You can own the world's most 
powerful pocket-sized pre- prog rammed scient ific 
calculator, the HP-45, for just $325''' The HP-35 costs 
only $225'.' 
Ask your dealer for our booklet, 
"ENTER vs. EQUALS:' 
If Yes 
It demonstrates the superiority of 
Dr. Lukasiewicz' language by 
comparing it to other calculators' 
systems on a problem-by-problem 
basis, and it exp la ins the algo-
rithm shown to the left which lets 
you evaluate any expression on a 
ca lculator that uses RPN and an l..'.:::===-------===::J Operational Stack. This booklet is 4. it gives you a" Last X" Register for error 
correct ion or multiple operat ions on the same 
number. If you get stuck midway through a 
problem, you can use the "Last X" Register 
to unravel what you've done. 
5 SCI 
• • It displays up to 10 significant d igits 
in either fixed-decimal or sc ientific 
notation and automatically positions 
the decimal point t hroughout its 
200-decade range. 
6 -..o.MS D.MS-. It converts angles from 
• • • decimal degrees, radians 
7. 
8. 
-.R 
• • or grads to degrees/minutes/ 
seconds and back again . 
• 
It converts polar coordinates to rec-
tangularcoord inates . .. or vice-versa. 
In seconds. 
Its Gold"Shift" Key doubles the func-
tions of 24 keys wh ich increases the 
HP-45's capability without increasing its size. 
The HP-35 uses RPN too. 
If the HP-45 is the world's most powerful pre-
programmed pocket-sized sc ientifi c ca lc ulator, the 
HP-35 is runner-up. It handles 22 funct ions, has a 
4-Regi ster Stack, one Addressable Memory Reg ister 
and also disp lays up to 10 d igits in either f ixed -
dec imal or sc ientific notation . 
must reading for anyone serious ly interested in 
owning a powerful pocket-sized ca lculator. 
Available at leading department stores 
and college bookstores. 
Stop in for a free copy of "Enter vs. Equals:' 
detai led specifications on either the H P-35 or H P-45 
and demonstrations of both machines. Call Hewlett-
Packard Customer Service, (408) 996-0100 for the 
dealer nearest you. 
Ask about our HP-65 and HP-70 
while you're there. 
Chances are, he'll also have our two newest 
pocket calcu lators on d isplay-the fully program-
mable HP-65 that lets you write, edit and record 
programs on magnetic ca rds and the HP-70 business 
ca lculator that can help all business students to 
excel I in their business courses. 
A Hewlett-Packard pocket calculator can help you 
in school today, on the job tomorrow. 
HEWLETT"' PACKARD 
Sales and service from 172 offices in 65 countries. 
Dept. 216 , 19310 Pruneridge Avenue. Cupertino, CA 95014. 
614/ 30 
• Domestic U.S.A. prices, not including appl icable state and local taxes. 
1952 
HAROLD R. AL THEN has been appointed as 
manager of support systems for the MikroPul 
division at United States Filter Corporation in 
Summit, N.J. Previously he was general sales 
manager for Cochrane Environmental Sys-
tems Division .... W. DIETER HAUSER writes: 
" Have recently been appointed as managing 
director of Airco Singapore {PTE), Ltd. , and 
will reside with my family in Singapore, half 
way around the world from Worcester and just 
85 miles north of the equator." 
1955 
J. R. NORMAND CASAUBON is now assistant 
engineering manager at A.T. & T. Co. in New 
York City . . . . RICHARD L. GOLDMAN serves 
as product line manager at Aertech Indus-
tries, Sunnyvale, Cal if . . .. MARSHALL LEV-
INE was recently awarded patents covering 
the development of an automated blood ana-
lyzer. The instrument, of which Levine is a co-
inventor, utilizes a new principal of electronic 
pattern recogn ition to examine and classify 
blood cells, a boon in the detection of leuke-
mia and other blood disorders. The invention 
is embodied in a computerized microscope 
which is now being produced by Geometric 
Data Corporation of Wayne , Pa., a company 
founded in 1970 by Mr. Levine and Dr. Melvin 
Miller . The company , a subs idiary of 
SmithKline Corp., will market the Hematrak 
instrument to large hospitals and clinics 
worldwide .... CHARLES F. McDONOUGH is 
plant manager at American Cyanamid 's plant 
at Sh ippan Point, Stamford , Conn. At th is 
location vulcanized vegetable oils are manu-
factured for use in rubber compounding . 
1956 
EDWA RD A. BLAKESLEE serves as a 
research instructor at Upstate Medical 
Center, Syracuse N.Y ... . JOHN K. DERBY 
has been appointed business manager for 
polyvinyl alcohol in the Polymers Chemicals 
Division of Air Products and Chemicals, Inc ., 
Allentown, Pa. He will be responsible for the 
production and marketing of polyvinyl 
alcohol , including thefirm 'sVinol and Uni size 
lines. Polyvinyl is used in the adhesive, paper, 
plastics, and textile industries. 
1957 
PAU L R. BESWICK of Beswick Engineering, 
Ipswich, Mass., visited THOR DUR GRONDAL 
in Reykjavik , Iceland last summer .. .. 
RICHARD F. CHARRON received his MBA 
from Rutgers in May .. .. PAUL M. MITCHELL, 
SIM , is on a temporary two-year assignment 
with the world-wide expansion of operations 
of Dresser Industries and is located in 
Brussels, Belgium. He is a product manager. 
... DAVID N. OLSON serves as sales manager 
for Fleetwood Enterprises, Riverside, Calif. 
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1958 
Dr. JOSEPH E. BOGGIO has been named as 
one of the Outstanding Educators of America 
for 1974. He is chairman of the chemistry 
department in the undergraduate College of 
Arts and Sciences at Fairfield (Conn.) Univer-
sity and has been with the university since 
1964 .. . . WILLIAM H. HOPF serves as man-
ager of engineering in the Irvington-Moore 
division of United States Natural Resources, 
Inc ., Jacksonville, Fla ... . HOWARD B. PRITZ 
was one of 50 inventors recently honored for 
patents they received during 1973 as staff 
members of the Columbus (Ohio) Labora-
tories of Battelle Memorial Institute. He is a 
co - holder of a patent for developing 
apparatus to stencil-mark a moving product. 
. .. Dr. SHELDEN H. RADIN has been 
promoted to the rank of full professor of phys-
ics at Leh igh University, Bethlehem , Pa. He 
has been a member of the faculty since 1963 
and serves as chairman of the physics 
achievement test committee and the college 
entrance examination board. A special ist in 
the fields of kinetic theory, non-equilibrium 
statistical mechanics and plasma physics, he 
is the author of a number of technical articles 
and reviews. He has served as a physics lec-
turer under the Choate School honors pro-
gram and as a physicist with Aeronautical 
Research Associates of Princeton , N.J . 
1959 
LEO F. COURNOYER is now director of pro-
gram evaluation for the Santa Clara Calif. 
Valley Water District. A senior engineer with 
the San Jose-based firm , he had been 
employed by the Federal Power Commission 
in Washington , D.C .. .. THOMAS HUM-
PHREY, director of the Bureau of Trans-
portation Planning and Development for the 
Massachusetts Department of Commerce , 
spoke on the subject of local highways and 
the national highway building program at the 
July meeting of the Springfield Kiwanis Club. 
.. . WILLIAM A. SAIMOND is a senior engineer 
at Pratt & Whi tney Aircraft in South Windsor, 
Conn . .. . EDWARD A. SAULNIER writes that 
IBM is now marketing a series of th ree com-
puter programs which he has written which 
provide closed loop control of plast ic 
injection molding machines. In conjunction 
with this project, he presented a paper on the 
subject at the Regional Technical Confer-
ence of the Society of Plastic Engineers in 
Ch icago last March. He is assigned as an 
advisory systems engineer at IBM's Worces-
ter branch . The Saulniers have four children , 
Susan (11 ), Marianne (9), Christopher (6) and 
Jonathan (2) .... DAVID H. TREADWELL, Jr. , 
serves as a project engineer at Anderson-
Nichols, Boston. Mass. 
1961 
Currently RICHARDS. ADLER serves as dis-
trict operations manager for American Tele-
phone & Tel egraph Co. (Longlines) in 
Springfield, Mass . .. . DAVID R. BAKER has 
been named manager of U.S. industry and 
application sa les at the Foxboro (Mass .) 
Company . ... Dr. JAY A. FOX has received a 
$75special act and service award for w riting a 
research article publ ished in the April 1974 
issue of the Applied Physics Letter Journal. 
He is a research physicist at Fort Belvoir, Va . 
and a member of the American Association of 
Physics Teachers. This is the fourth article for 
which he has received an award since going 
to Fort Belvoir in 1971 . . . . Dr. H. RICHARD 
FREEMAN is serving as attitude control sub-
system manager in the recently launched 
sixth application technology sate I lite (ATS-6) 
for the National Aeronautics and Space 
Administrat ion. The ATS-6 will be used for the 
next several years to test a variety of new 
space communications concepts requiring 
the use of a spacecraft in geo-synchronous 
orbit. Dr. Freeman, who jo ined the Goddard 
Space Flight staff in 1964, was responsible for 
the design, analysis, fabrication and testing of 
the ATS-6 attitude control system . 
BRADLEY E. HOSMER has been appointed 
vice president of man ufacturing at Branson 
Sonic Power Co., Danbu ry , Conn. He is 
responsible for th e standard products , 
ultrasonic horn production , and special sys-
tems manufactu ring groups. The company 
produces and markets high power ultrasonic 
equipment used in rigid plastics welding , 
ceramic machi nery , fabri c and film sealing , 
fluxless soldering and metal welding . Pre-
viously Hosmer was wi th Eastman Kodak, 
Gillette, Warner-Lambert, General Mills and 
Booz-Allen and Hamilton in New York .. .. 
RICHARD B. HOSMER is a senior airport 
development speci a li st for the New York 
State Departme nt of T ransportat ion in 
Albany ... . NORBERT F. TOCZKO is a c ivil 
engineer at the Navy Communication Station 
in Greece, where he expects to remain for two 
years. Last year he passed the exam for his 
professional eng ineering reg istration in the 
District of Col umbi a . In December the 
Toczkos became the parents of their second 
child , a daughter, Amy .. . . JAMES M. TOLOS 
is manager-overseas engineer for the Ameri-
can International Group in New York City .. . . 
VEIKKO 0 . UOTINEN works as a senior engi-
neer in the nuclear power generation division 
at Babcock & Wilcox Co. Lynchburg , Va. 
1962 
Born: to the Rev. and Mrs. ANDREW D. 
TERWILLEGER of Elmwood, Connecticut, 
their first daughter, Michelle Joy, on January 
21,1974. 
Presently STEPHEN M. WELLS is a man-
ager for l.T.T. , in St. Lou is, Missouri. 
© 1974 Mobil Oil Corporation 
Some of our most 
exciting projects 
won't pay off 
for 25 years. 
Is there a future in the oil business? You better be-
lieve it! 
Look at some of the things we'll be doing over the 
next 25 years, and beyond: 
Exploring the far corners of the globe, in a never-
ending search for oil and gas; 
Looking for it under the oceans, too, in waters a mile 
deep and more; 
Expanding our fleet of supertankers (200,000 tons 
and larger), and building deepwater ports for faster, 
better distribution of petroleum throughout the 
world ; 
Building newer, bigger, cleaner, more efficient plants 
to refine crude oil into useful products; 
Entering promising new fields like extracting petro-
leum products from oil shale ... converting coal into 
liquid fuels .. . even learning how to tap the sun 's 
energy. 
In our 106 years , we've never had a future that 
looked so exciting . 
Is there a future in the oil business? Ask us again 
in 2001. 
Your placement officer knows all about us. Or if you 'd rather, 
write to R. W. Brocksbank, Manager of College Relations, 
Mobil Oil Corporation , Dept. 2315, 150 East 42nd Street, 
New York, N.Y. 10017. 
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At Western Electric, 
we put science to work. 
Lasers are used 
in a variety ofways -
from measuring 
to drilling and welding. 
Like transistors 
before them, integrated 
circuits are spreading 
into every nook and 
cranny of the 
Bell System. 
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The installation diagrams for 
telephone switching centers have been 
generated through computer graphics. 
M icroe!ectronic 
components are 
manufactured in 
contamination-free 
environments. 
Mathematical 
'·· modeling has 
helped predict 
r-=====================:?1f!ffllr.!IJ,r,r,'{-~-· .. "'t· the behavior oe-------------------4&"'-'--'-'-''~ of plastics 
Managing all this in injection molding. 
is a new breed of talented people . Whatever 
their specialties, they also have to be 
comfortable working in other fundamental 
disciplines once left only to "pure 
scientists". At Western Electric, we put 
science to work: @ 
Western Electric 
We make things that bring people closer. 
1963 
A. STEPHEN OTIS has been transferred to 
Birmingham , Ala., where he is starting a new 
institutional bond operation for Merrill Lynch . 
. .. DONALD H. PASS, SIM , was recently 
appointed superintendent of rolling at U.S. 
Steel 's Lorain-Cuyahoga (Ohio) works. In his 
new position he will direct all rolling opera-
tions at Lorain works wh ich include the pri -
mary mills and the bar mills. He is a member of 
the Lorain Area Chamber of Commerce, 
Lorain Works Management Club , Elyria 
Country Club, and is also the chairman of the 
current United Fund campaign for Lorain 
works. 
1964 
Married: ERNEST E. CHENOWETH to Miss 
Eunice Froeliger in South Woodstock , 
Vermont on August 17, 1974. Mrs. Chenoweth 
graduated from the University of Connecticut 
and has been a counselor for the Vermont 
State Department of Corrections. Her hus-
band teaches and coaches at Thayer Acad-
emy in Braintree, Mass. and was a member of 
the summer faculty of Cape Cod Community 
College. 
Currently ALFRED H. HEMINGWAY, Jr. is 
an attorney with Morgan , Finnegan , Durham 
& Pine in New York City .... RONALD E. 
LU BOWICZ was admitted to the Massachu-
setts bar in June. He attended law school at 
the University of Denver and is now employed 
byDistrigasCorp. ofBoston . ... CLIFFORD M. 
MacDONALD, Jr. is a major in the U.S. Army 
with the 3rd Infantry Division . ... BRUCE 
OCHI EANO has been appointed a vice presi-
dent with William Blair, Inc. of Los Altos, 
Calif ., a real estate investment firm special-
izing in the acquisition and management of 
income property for private investors . .. . 
TH OMAS A. ZAGRYN is a training supervisor 
at Pratt & Whitney, East Hartford, Conn. 
1965 
Married: DONALD G. MUNSON to Miss Janis 
E. Tremblay on May 11 , 1974 in Topsfield , 
Massachusetts. Mrs. Munson graduated from 
Bradford Junior College and the University of 
Miami. Her husband is with United Engineers 
and Constructors, Inc. 
PETER J. BOWES is in sales at the Medusa 
Cement Co ., Cleveland, Oh io . . .. BURTON 
SHAIR has been appointed an electrical engi-
neer at Stone & Webster Engineering Corp., 
Boston . Associated with the firm since 1966, 
Shai r is a registered professional engineer in 
Massachusetts and Connecticut. ... Dr. 
DONALD C. SUNDBERG is with the depart-
ment of chemical engineering at the Univer-
sity of Idaho in Moscow ... . U.S. Air Force 
Captai n ER IC P. WARMAN has received the 
U.S. Army Commendation Medal at Hurlburt 
Field , Fla. He was decorated for meritorious 
service as commander of Detachment 8 of the 
16th Weather Squadron, Ft. Riley, Kansas. He 
is now at Hurlburt Field where he serves as 
chief of utilities for the 4751st Air Defense 
Squadron, a unit of the Aerospace Defense 
Command. 
1966 
ROGER J. ARMATA received his MBA from 
the University of Hartford in Connecticut in 
June. He is a methods supervisor for the 
Torrington Company .... Capt. ROLAND C. 
BOUCHARD (USAF) is a system integration 
engineer in the program office at Tactical 
Loran System , L.G. Hanscom Field , Mass. 
WILLIAM F. ELLIOTT has been named to 
the newly created post of vice provost for 
enrollment planning at Carnegie-Mellon Uni-
versity, Pittsburgh, Pa. He will be responsible 
for coordination of admissions, registration , 
financial aid, and career planning . He joined 
the university in 1970 as associate d irector of 
admissions and in 1971 was named director. 
From 1966 until 1970 he was assistant 
director of admissions at WPI. He is past pres-
ident of the Pennsylvan ia Association of 
College Admissions Counselors and is an 
assembly delegate of the National Associa-
t ion of College Adm issions Counselors. 
FRED T. ERSKINE Ill , a graduate research 
assistant in physics and astronomy at the Uni-
versity of Iowa, also works part t ime at Clark 
Lake Radio Observatory, Borrego Springs, 
Calif .... DAVID R. KLIMAJ has received a 
master's degree in engineering administra-
tion from George Washington University, 
Washington, D.C. He is still employed with the 
U.S. Army Night Vision Laboratory, Ft . 
Belvoir, Va ... . ERNEST KUNZ serves as a 
technical representative at Climax Molybde-
num Co. Greenwich, Conn. He also is presi-
dent of Afton Cleaners, Inc., Florham Park, 
N.J . and a co-owner of Kunz & Henzel , R.E . 
Investments . . .. ROBERTS. LEVINE is man-
ager-production and inventory control at 
General Electric, Albuquerque, N.M. 
GRANT P. MAIER received his master of 
science degree in mechanical engineering 
from RPI on June 2. He is a senior analytical 
engineer with Pratt & Whitney, East Hartford, 
Conn . ... MICHAEL C. NAPOLITANO is an 
electronic controls engineer at Butler Auto-
matic , Inc ., Canton , Mass . .. . KYLE J. 
ONDRICEK has accepted the position of new 
products manager for B .F. Perkins in 
Chicopee, Mass .... RONALD F. PICH I ER RI is 
a senior mechanical engineer at Laser 
Graphic Systems Corp., Sudbury, Mass . . .. 
WILLIAM E. SULLIVAN works as a senior 
information systems specialist at Computer 
Sciences Corporation in Piscataway, N.J .. .. 
HARRY F. WOOD Ill , a reg istered land sur-
veyor in Meredith , N.H ., is serving as presi-
dent of the New Hampshire Land Surveyors 
Association . A former vice president of the 
association , he had also served as a director. 
He is a member of the American Congress of 
Surveying and Mapping and last year formed 
Associated Surveyors of Meredith . 
1967 
Married: ROY C. FEDOTOFF and Miss Lydia 
N. Oliynyk on June 22, 1974 in Willimantic, 
Conneticut. Mrs. Fedotoff graduated from the 
University of Connecticut's School of 
Education and is currently enrolled in a mas-
ter's program in reading at Boston University. 
The bridegroom, who has an ED degree from 
Polytechnic Institute of New York , is a con-
sulting engineer for Metcalf and Eddy in 
Boston. 
Married: JOSEPH F. GOULART and Miss 
Patricia Steckmyer on June 24 in Grand 
Island, Nebraska. The bride is studying indus-
trial engineering atthe University of Michigan 
in Dearborn . Her husband is a product devel-
opment engineer for the Ford Motor Com-
pany . . . . ELLIOT F. WHIPPLE and Miss Dawn 
Ar lene Tetreault on June 29 , 1974 in 
Attleboro , Massachusetts. PAUL MALNATI , 
'66 and GEORGE H. RAND, Jr. served as 
ushers. Mrs. Whipple is a graduate of the Bris-
tol Community College School of Nursing and 
will accept a position as a registered nurse at 
the Hospital of the University of Pennsylvania. 
Her husband is a second year MBA candidate 
at the Wharton School of Finance at the Uni-
versity of Pennsylvania. 
Born : to Mr . and Mrs . RICHARD A . 
ORMSBEE their first child , a daughter, 
Sandra Lynn , on September 26 , 1973. 
Ormsbee is a food technologist working in the 
fats and oils research laboratory at the Best 
Foods Research Center in Union , N.J. 
ROGER V. BARTHOLOMEW is teaching at 
Strake Jesuit College Prep in Houston , 
Texas .... STEVEN FRYMER won first place 
in the 15th New England Amateur Chess 
Championship Tournament which was held 
in Worcester in July. He is an engineer for the 
state of Massachusetts . .. . RICHARD M. 
GUTKOWSKI has received a doctorate 
degree in civil engineering from the Univer-
sity of Wisconsin in Madison. He is an assist-
ant professor of civil engineering at Colorado 
State University . ... RONALD A. MUCCI 
recently received his PhD in electrical engi-
neering at the University of Rhode Island. His 
thesis was : "Design and Spatial and 
Temporal Filters for Rejection of Localized 
Interferences." He did his master 's work at 
the University of Michigan. Currently he is 
associated with Raytheon . 
Dr. EARL T. MYERS, senior scientist with 
the General Electric Company, Fitchburg , 
Mass., was the featured speaker at the sec-
ond annual School and Scholarship Awards 
Night sponsored by the Montachusett Branch 
of the NAACP in Fitchburg last June. Dr. 
Myers is the author of numerous articles on 
aerodynamics and was a former senior con-
sulting scientist in aerodynamics for the Avco 
Corp . ... Presently JOHN B. NANO, Jr. holds 
the post of manager of process development 
at W.R. Grace & Co., Lexington, Mass .. .. 
LAWRENCE E. NELSON received his MA 
from the University of Northern Colorado last 
spring . . .. Capt. GEORGE POMFRET (USAF) 
has been assigned to Holloman AFB, N.M. 
from Vandenberg AFB , Calif . He is an 
astronautical engineer with a unit of the Air 
Force Systems Command ... . STEVEN E. 
SCHUMER is with United Engineers & Con-
structors , Philadelphia, Pa. He works on 
nuclear power plants .... NEIL M. SHEA 
recently received his PhD in physics from 
Rensselaer Polytechnic Institute .. .. HOW-
ARD H. SHORE, who has received his Juris 
Doctor from the University of San Diego Law 
School and his LL.M from the London School 
of Economics and Political Science, is now an 
attorney in the San Diego County district 
attorney's office .... Dr. JOHN E. SONNE 
received his VMD degree from the University 
of Pennsylvania in June and is now practicing 
in Syracuse, N.Y., specializing in small animal 
medicine ... . RICHARD A. SYMONDS is a 
senior mechanical engineer at Catalytic , Inc. 
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(engineering consu ltants), in Charlotte, N.C. 
The Symondses , the parents of two 
daughters, have adopted an eight-month old 
Vietnamese boy, Kevin Richard , who arrived 
from Saigon in April. 
1968 
Married: ROBERT E. ANDERSON and Miss 
Marcia J. Metzler on June 14, 1974 in New 
Britain , Connecticut. The bride graduated 
from the Methodist Hospital of Brooklyn 
(N .Y.) School of Nursing and is with the Con-
necticut Red Cross Blood Program . The 
bridegroom is a senior engineer at Southern 
New England Telephone Co. in t he 
coordination and construction service .... 
GEORGE D. BURGESS to Miss Margaret C. 
Hansen in Worcester on June 9, 1974. Mrs. 
Burgess graduated from Maria Regina 
College, Syracuse, N.Y. The groom is with 
York Air Conditioning Co. in York, Pa .... 
Born: To Dr. and Mrs . DONALD C. 
ALDRICH a daughter, Lori Ann , on December 
15, 1973. Aldrich , who received his PhD from 
MIT in May, is a research engineer at E. I. 
duPont in Philadelphia . . . . To Mr. and Mrs. 
ROBERT MEADER a son, Glenn, on May 9, 
197 4. (Glenn has an older brother, age 3.) 
Meader has moved to the position of regional 
planner with the Coastal Area Planning and 
Development Commission and is headquar-
tered in Savannah , Ga., although he deals 
with the entire coast of Georgia. 
KENNETH E. BATTLE is a senior process 
technology engineer for Monsanto in 
Cincinnati , Ohio. He writes that he is greatly 
looking forward to a two-to-three year assign-
ment on projects in Belgium and France start-
ing this fall . ... IVAN V. BEGGS is studying for 
his master of divinity degree at Lutheran The-
ological Seminary, Columbus, Ohio .... 
DONALD P. BERGSTROM serves as a field 
engineer at Cianbro Corp., Pittsfield , Maine. 
. . . RICHARD E. BROGGI works as a estimator 
atC. G. Smith Co., Harvey, La .. .. NORMAN E. 
BRUNELL joined the legal department as a 
patent attorney at Beckman Instruments, Inc., 
in Fullerton, Calif. last July . . . . FRANK H. 
CORBIERE is in missionary training at Litera-
ture Crusader World Headquarters, Prospect 
Heights, Ill. Next March he is slated to go to 
Cartagena, Colombia in South America , 
where, with a team of 10, he will help establish 
a church . Previously he was an industrial 
engineer at Uniroyal in Naugatuck, Conn. 
RONALD E. JODOIN starts this fall as a vis-
iting assistant professor in physics at 
Rochester (N .Y.) Institute of Technology .... 
ALLEN A. KUTZ received his PhD in Chem-
istry from RPI (Troy, N.Y.) last May .. .. PETER 
L. MARZETTA is employed at the Naval 
Underwater Systems Center, Portsmouth, 
R.I. ... PHILIPA. MATTSON is at Chattanooga 
State Technical & Community College, Chat-
tanooga, Tenn .. . . JOHN H. McCABE has 
been promoted to vice president of Carl 
Gordon Industries, Inc ., Worcester. Pre-
viously he had served as assistant treasurer 
for Gordon Industries, Inc., parent Company 
of Fox Specialty, Inc., Oxford Plastics, Inc., 
and Hammond Plastics, the nation 's largest 
independent manufacturer and distributor of 
polystyrene. He joined Gordon in 1970 as 
director of information systems for Hammond 
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Plastics . Last year he was promoted to assist-
ant treasurer. He also serves as treasurer for 
Fox Specialty, Inc., and Oxford Plastics, Inc. 
WILLIAM J . McCARTHY has been 
promoted to assistant actuary at State Mutual 
Life Assurance Co. of America , Worcester. 
He joined State Mutual as an actuarial associ-
ate in 1971 and was promoted to senior 
actuarial associate two years later. Recently 
he became a fellow of the Soc iety of 
Actuaries . . .. DAVID B. MORRIS is a new pro-
cess development engineer at Abcor, Inc., 
Cambridge, Mass . . .. CARY A. PALU LIS has 
been promoted to specialty products 
coordinator at Exxon Company, U.S.A.'s 
Pelham , N.Y. area office . .. . Presently 
ROBERT T. PLEINES serves as a project 
engineer for Monsanto in Indian Orchard , 
Mass . .. . FRANCIS J. POSSEL T is a senior 
facilities engineer at Griffin Pipe Products 
Co., Florence, N.J .. . . DOUGLAS A. RILEY 
works as a resident engineer for Camp 
Dresser& McKee in Boston . . .. Dr. E. WAYNE 
TURNBLOM is a research chemist for East-
man Kodak Co., Rochester, N.Y. From 1972 
until 1974 he was an instructor at Princeton 
University. 
1969 
Married: MICHAEL GAN and Miss Judith M. 
Znamierowsk i in Enfield , Connecticut in 
June. The bride attended Central Con-
necticutStateand AIC , Springfield , Mass. Her 
husband is with Pratt & Whitney, East Hart-
ford , Conn . ... ROBERT J. MAGARIAN to Miss 
Suzanne Sharigian on June 30 in Worcester. 
Mrs. Magarian graduated from Framingham 
State College and teaches in Marion, Mass. 
.. . KIMBALL M. WATSON and Miss Rebecca 
L. Duncklee on June 29 , 1974 in West 
Lebanon, New Hampshire. Mrs. Watson, a 
graduate of the University of New Hampshire, 
is a music supervisor in the Concord schools . 
Her husband is with IBM in Burlington, Vt. 
Dr. ARTHUR M. AFRAME, who recently 
received his PhD in physics from RPI, is 
currently a physicist at MEPPSCO in Boston. 
. . . U.S. Air Force Capt. WARREN L. ANDER-
SON has graduated from the Strateg ic Air 
Command 's missile combat crew operational 
readiness train ing course at Vandenberg 
AFB, Calif. He is now at Grand Forks AFB, 
N.D. for duty and training as a missile launch 
officer . ... DENNIS AGIN of Maynard, Mass., a 
systems analyst at Raytheon , recently served 
as campaign manager for William C. Mullin , a 
candidate for the Democratic nomination for 
the office of state representative to the Gen-
eral Court from the 48th Middlesex District. 
Agin , who is a member of Cit izens for 
Participation in Political Activities, has also 
been very active in scouting ... . ANDREW F. 
DURETTE is vice president-engineering at 
Micro Components Corp., Cranston, R. I. 
After spending nine months in Annaba, 
Algeria with General Electric on business, 
DAVID W. EATON is now a systems program-
mer with Honeywell , Inc. in Phoenix, Arizona. 
. . . JOHN C. GAVITT is a field engineer with 
Sperry Gyro I Sperry Rand Corp., Great 
Neck, N.Y .. .. HAROLD F. HEMOND has 
received his MA in botany from Connecticut 
College in New London. Currently he is dep-
uty director of Water and Related Resources 
for the Connecticut Department of Environ-
mental Protection .... PATRICK W. KELLEY 
and ALEXANDER R. MALCOLM have 
received MBA's from Rutgers in New Jersey. 
. . . ROBERT W. MAYER is a research engi-
neer for Amerace Corp. in the Development 
Center at Washington Twp., N.J .. .. ROBERT 
P. ROCCO has received his doctor of medi-
cine degree from the College of Medicine at 
the University of Vermont. He will intern at the 
Good Samaritan Hospital in Portland , Ore-
gon . . .. BARRY N. SHIFFRIN recently 
received his master's degree in computer 
systems from the State University of New York 
at Binghamton. 
1970 
Married: JOHN J. RING , Jr. to Miss Elvera H. 
Bodruk in Milford, Massachusetts in June. 
Mrs. Ring is employed at Cushing Hospital in 
Framingham. The groom is a quality control 
engineer at 3M Corporation in Cambridge, 
Mass .... 
GREGORY W. BACKSTROM has received 
his MBA from the University of Michigan and 
is now a financial analyst at Norton Company 
in Worcester . ... DINKAR V. DESAI works for 
Kulite Semiconductor, Inc. in Ridgefield , N.J. 
.. . DOMENIC J. FOR CELLA, Jr. is an environ-
mental consultant to Central Connecticut 
State College in a federally funded program 
offering assistance to communities with envi-
ronmental problems. He also serves on the 
Plainville (Conn.) Inland Wetlands Commis-
sion. Having recently completed course 
requirements for his MSCE at WPI, he now 
plans to enter the University of Connecticut 
Law School. ... JOHN J. LYONS is a systems 
programmer at Norton Co., Worcester . . .. 
Presently MICHAEL D. McCORMICK serves 
as a product specialist and sales planner for 
the G.E. semi-conductor products depart-
ment in Auburn , N.Y. 
DAVID T. ROCKWELL, who has just com-
pleted three years service as an army officer, 
was recently named executive director of the 
Community Health Education Council , Inc., 
WestSpringfield, Mass. Hewasoneofthefirst 
volunteers to work with CHEC when it started 
in 1970. In the army he served as a finance 
corps officer at Fort Carson, Colo ., and 
headed the Dependent Youth Activity Pro-
gram as well as the Alcohol and Drug 
Education Center in Fort Carson . . .. Dr. 
SOLOMON ROSENBLATT has graduated 
from the University of Connecticut Medical 
School in Farmington and expects to intern at 
Mercy Hospital Medical Center in San Diego, 
Calif ... . RALPH F. SBROGNA received his 
juris doctor degree from Suffolk University 
Law School, Boston, in June and is now asso-
ciated with the law firm of Crowe & Knoll in 
Boston .... MICHAEL F. SULLIVAN is a field 
engineer for Combustion Engineering in 
We make big tonnage items and small ones too. 
Naturally, marketing these products takes a 
well-coordinated sales effort. 
At Bethlehem we manufacture a 
wide variety of products serving 
many important markets. The steel 
business is our nation's basic in-
dustry. Engineers seeking mean-
ingful careers will find plenty of 
opportunities with us. 
What can an engineer do in our 
steel plant operations? You name 
it-production supervision , quality 
and process control , mechanical 
design and maintenance. How 
about Sales work? A career in dis-
trict or home office sales , as a 
contracting manager, or as a sales 
engineer are all possibilities. 
If you think you can produce, why 
not give us a chance to sell you on 
our corporation? 
Watch for our recruiter's visit. 
Meantime, pick up a copy of our 
booklet "Bethlehem Steel 's Loop 
Course" at your placement office. 
Or write: Director-College Rela-
tions , Bethlehem Steel Corporation, 
Bethlehem, PA 18016. 
sETH{EHE"' an equal opportunity 
~ employer 
MORGAN 
CONSTRUCTION COMPANY 
15 Belmont Street, Worcester, Mass. 01605 
Serving the Ferrous and Non- Ferrous World Markets since 1888 as 
Engineers and Manufacturers of Rolling Mills, Morgoil Bearings, 
Wire Drawing Machinery and Furnace Equipment 
Windsor, Conn .... PHILIP C. WARREN has 
been promoted to mechan ical superinten-
dent at Nashua Corp. in Nashua, N.H. He 
joined the firm in 1973 after completing three 
years service as a maintenance officer for 
infantry ordnance in the U.S. Army. Since he 
became associated with the corporation. he 
has successfully completed several projects 
in the Toner Manufacturing Area ... . ALAN P. 
ZABARSKY is a supervisor, system require-
ments and planning group, Bel l Labs, 
Indianapolis, Ind. 
1971 
Married: CHARLES I. ANDRIANOPOULOS 
and Miss Deborah Ann Waldron in Worcester 
on July 7, 1974. The bride, an art teacher, 
graduated from Anna Maria College, Paxton. 
The bridegroom is with New England Tele-
phone Co .. Framingham , Mass . ... EDWARD 
E. GEORGE, Jr. to Miss Patricia A. Fogarty on 
June 16, 1974 in Worcester. Mrs. George is 
with New England Telephone Co. The groom 
is a production planner at Jamesbury Corpo-
ration .... LAWRENCE E. RAINVILLE to Miss 
Honora E. O'Hearn on June 29, 1974 in 
Stoughton, Massachusetts. Mrs. Rainville 
graduated from Framingham State College 
and teaches mathematics at Randolph High 
School. Her husband is with Datatrol in 
Hudson, Mass. 
Married: MARK R. SAVIET and Miss Patri-
cia M. lglar on July 27 in Fitchburg, Massa-
chusetts. The bride , an Anna Maria graduate, 
teaches music in Ashburnham. The groom is 
employed by JamesburyCorp., Worcester .... 
GEORGE M. SIMMONS to Miss Mary Ann 
Dossantos on June 1 in Waterbury, Con-
necticut. Mrs. Simmons graduated from the 
University of Connecticut. . .. RONALD C. 
STRAND to Miss Joann D. Ritchie on June 23, 
1974 in Lexi ngton , Massachusetts. Mrs. 
Strand graduated from Framingham State 
College .... ERNEST M. WOLSHIN and Miss 
Susan M. Kowalchuk on June 22 in Norwich, 
Connecticut. The bride is a graduate of Anna 
Maria College. Her husband is a cl inical 
research associate for Astra Pharmaceutical 
Products, Inc., Worcester. 
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ROBERT J. ALLARD, Jr. is manager of real 
estate and construction at Commonwealth 
Trading , Inc., Avon , Mass ... . DAVID A. 
BAILEY works at Vitro Labs, Silver Spring, 
Md . 0316 
. .. EDWARD F. CUNNINGHAM serves as a 
sales engineer at Fafn ir Bearing Co .. New 
Britain , Conn ... . JOHN A. GIORDANO is a 
planning assistant at Worcester (Mass.) 
Bancorp .... GARRY GLECKAL has been 
appointed a math counsellor and graphic arts 
instructor by the North Middlesex (Mass.) 
Regional District School Committee .. .. 
ANDREW J. GRIFFIN is employed as a devel-
opment engineer at American Optical in Bed-
ford , Mass ... . THEODORE D. LYNCH holds 
the position of manager of commercial sales 
and marketing at Fiber Materials , Inc ., 
Biddeford , Me. 
CLAUDE P. MANGEL is manager of Procter 
& Gamble's European Technical Center in 
Strombeek-Bever, Belgium . ... ROBERT P. 
MILLS, Jr. has been promoted to senior 
acturial associate at State Mutual Life Assur-
ance Co. of America in Worcester. He joined 
State Mutual as an actuarial assistant in 1971 
and was promoted to actuarial associate in 
1973 .... JOHN NIESTEMSKI is with General 
Electric in Syracuse , N.Y ... . FRED 
MULLIGAN works as a project engineer at 
Cutler Associates, Worcester .... JOHN G. 
PARILLO has received his M.Eng., environ-
mental engineering , from RPI in Troy, N.Y. . .. 
WILLIAM A. PHILBROOK has been promoted 
to the rank of first lieutenant in Headquarters 
Company, 1st Battalion 181 st Infantry of the 
26th (Yankee) Infantry Division in Worcester. 
He was appointed to the Massachusetts Army 
National Guard in 1973. He is employed by the 
David Clark Co ., Inc ., as an electrical 
engineer. 
JOHN G. PLONSKY received his MBA from 
the University of Massachusetts in June and is 
currently employed as a contract adminis-
trator for General Electric in Binghamton, 
N.Y .. . . RALPH REDDICK, who is with 
Kimberly-Clark, played string bass in a jazz 
concert performed last June in memory of the 
great Duke Ellington in Thomaston , Conn. He 
has played the lead in "Music Man" and is 
now studying composition at Hartt School of 
Music. He has also taught guitar, is studying 
piano, and plays the bagpipes in the Upper 
Guernseytown Pipe Band . During the 
summer he attended a six-week session in 
composition in Europe w ith the Siena 
Summer Session in Music Association ... . 
RAYMOND SKOWYRA is attending Harvard 
University this fall. .. . RICHARD E. 
TEITELMAN is a systems education instruc-
tor at Sperry UNIVAC in Princeton , N.J. 
1972 
Married: MARK A. FRITZ to Miss Marcia J. 
Lamberto in Worcester on May 26, 197 4. Mrs. 
Fritz graduated from Anna Maria College, 
Paxton. Her husband is president of Yankee 
Data, Inc., Berlin, N.H . .. . MICHAEL L. 
KUDRAVETZ to Miss Ellen M. Tousignant in 
Biddeford, Maine on July 27, 1974. The bride 
is a staff member at Peter Bent Brigham Hos-
pital , Boston. Mr. Kudravetz is a faculty 
member and chairman of the science depart-
ment at Gardner (Mass.) High School. ... 
TIMOTHY F. LASKOWSKI to Miss Janice P. 
Malachowski on June 22, 1974 in Chelsea, 
Massachusetts. The bride was an elementary 
teacher at St. Stanislaus School in Chelsea. 
The groom is an analytical engineer for Power 
Technologies, Inc. of Schenectady, N.Y ... . 
DAVID NOWAK and Miss Nancy Ann Zuraw 
on May 25, 1974 in Northampton, Massachu-
setts. Mrs. Nowak graduated from Worcester 
Memorial Hospital School of Nursing . The 
bridegroom has accepted a position in the 
ocean engineering division of General 
Dynamics, Groton , Conn. 
Married: JOHN O'BRIEN and Miss Marilyn 
Thorne of Millis, Massachusetts in May. The 
bride, a Becker graduate, is a medical secre-
tary. Her husband works for General Electric, 
San Jose, Calif., where he is in advanced pro-
duction planning in the nuclear energy 
division . ... RICHARD L. PASTORE and Miss 
Catherine Procopio in June in East Green-
wich , Rhode Island. Mrs. Pastore graduated 
from Albertus Magnus College. Mr. Pastore 
has been studying at WPI as a graduate stu-
dent. . .. ROBERT H. PINCUS to Miss Alice 
Hibbert on June 1, 1974. The bride received 
her BA in chemistry from Anna Maria College 
and her MS from Holy Cross. The bridegroom 
received his MSEE from the University of New 
Hampshire this year and is now with GTE Syl-
vania in Needham Heights, Mass . ... JOHN H. 
TOLOCZKO to Miss Paula H. Goldsmith of 
Framingham, Massachusetts on July 6, 197 4. 
Mrs. Toloczko graduated from Quinsigamond 
Community College, Worcester. The groom is 
a quality control engineer for Hamilton Stand-
ard in Windsor Locks, Conn. 
JOSEPH ARAYAS received his MBA 
degree at the May graduation of Boston Uni-
versity 's College of Business Administration. 
... CHARLESJ. BRINE recently was awarded 
his master's degree in chemical oceanogra-
phy from the College of Marine Studies at the 
University of Delaware in Newark. His thesis 
was entitled: "Renatured Chitin as a New 
Marine Resource." ... DENNIS J. DAVOREN 
works for the Exxon Chemical Co. of Linden, 
N.J. as an engineerin the technology division. 
... JOHN R. FERRARO has been promoted to 
associate engineer in the transmission and 
substation engineering department at North-
east Utilities in Berlin , Conn. He joined the 
firm in 1972 as an assistant engineer .... 
HENRY J . GREENE received his MS in 
mathematics from Wichita (Kansas) State 
University in May. 
JIM HALL entered Harvard Business 
School in September .... DAVID B. 
HORROCKS serves as an environmental 
facilities engineer at Texas Instruments, Inc., 
Attleboro, Mass. Recently he received his MS 
in urban-environmental studies from Rensse-
laer Polytechnic Institute .... ROBERT B. 
KELLEHER , Jr. is with GTE Sylvania in 
Needham, Mass .. . . JAMES V. LACY serves 
asamemberofthetechnical staff at Bell Tele-
phone Labs., Holmdel , N.J . .. . Dr. JAMES M. 
PERRY is an assistant professor in computer 
science at WPI. He received his PhD from the 
University of Connecticut this year .... JOHN 
ZORABEDIAN, Jr. , now a supervisor in the 
capacitor department of General Electric in 
Hudson Falls, N.Y. , is also studying for his MS 
in industrial administration at Union College. 
1973 
Married: RONALD K. BOHLIN and Miss Mar-
tha D. Whiteman on August 10, 1974 in Fair-
field, Connecticut. Mrs. Bohlin , a special 
education teacher, graduated from Anna 
Maria College. Her husband is a data systems 
design supervisor at American Teleophone & 
Telegraph Co. , White Plains, N.Y . . .. JOHN J. 
GIZIENSKI , Jr. and Miss Linda D. Corriveau 
on June 1, 197 4 in Manchester, New Hamp-
shire. The bride graduated from Keene State 
College. The groom is a manufacturing engi-
neer for General Electric Co., Providence, 
R.I. . .. RICHARD W. GRAHAM to Miss Susan 
L. Claar in Millis, Massachusetts on June 8. 
Mrs. Graham , a graduate of the Concord 
(N.H .) School of Nursing , is employed at 
Medfield State Hospital. The bridegroom 
works for New England Telephone Company . 
. . . WILLIAM E. HENRIES to Miss Diane C. 
Fiasconaro on July 27, 1974 in Ansonia, Con-
necticut. Mrs. Henries graduated from Anna 
Maria College. 
Married: DARWIN W. KOVACS, Jr. and 
Miss Susan R. Ulasik in Norwich, Connecticut 
on June 22, 1974. The bride is a graduate of 
Southern Connecticut State College with a 
degree in elementary education. Mr. Kovacs 
is a transportation analyst with the New York 
State Department of Transportation in 
Albany . . . . THOMAS MIKOLINNAS and Miss 
Laurie McKinstry on June 1, 1974 in Sterling, 
Massachusetts. Mrs. Mikolinnas is a graduate 
of Fitchburg State College. Her husband is a 
candidate for his master's degree at WPI and 
works at Power Technologies , Inc . . 
Schenectady, N.Y .... DONALD F. MOQUIN 
and Miss Joyce D. Kasper in Framingham , 
Massachusetts on May 25. Mrs. Moquin is a 
senior at Framingham State College. The 
groom is a transmissions engineer for the 
New England Power Co., Westboro, Mass . .. . 
ANDREW C. MURCH to Miss Cynthia A. Heald 
on July 6, 197 4 in Chester Depot, Vermont. 
The bride, a Becker graduate, is employed by 
Dr. Samuel Jones, D.O. Her husband is an 
enqineer for the city of Worcester . .. . 
RICHARD H. PAGE and Miss Linda Mary 
Della Giustina on July 20, 1974 in West 
Springfield , Massachusetts. Mrs. Page, who 
graduated from Westfield State College, 
teaches first grade. The bridegroom is associ-
ated with Stone & Webster Engineering 
Corporation . 
Married: PAUL J. PARULIS and Miss Patri-
cia Ann Hughes on June 16, 1974 in New 
York. The bride graduated from Fairleigh 
Dickinson University, Teaneck , N.J. Mr. 
Parulis is with Richmond Screw Anchor Co., 
Inc., Forth Worth , Texas .... WILLIAM A. 
RICHARDS to Miss Lisa E. Della Vecchia in 
Bristol , Connecticut on July 20. The bride 
attended Hartford Hospital School of Nursing 
and Central Connecticut State College. Her 
husband is a scientific software designer at 
the Superior Electric Company in Bristol. .. . 
LAURENCE J. SIGLER to Miss Susan N. Coe 
on May 27, 1974 in Rindge, New Hampshire. 
Mrs. Sigler, a graduate of Worcester State, 
owns and operates Susan Coe Dance Arts. 
She also is employed in the physical therapy 
department at the Memorial Hospital. The 
groom currently majors in music at Anna 
Maria College and works in the grinding 
machine division at Warner & Swasey Co .... 
RICHARD F. SOCHA and Miss Luanne Neary 
in East Hartford , Connecticut on May 4, 1974. 
The bride is a Becker graduate. Her husband 
is employed by Western Electric Co. in 
Andover, Mass .... NORMAN D. STALLER 
and Miss Donna M. Jeannotte in Worcester on 
June 16, 1974. Mrs. Staller graduated from 
Anna Maria College. The bridegroom is with 
Polaroid Corp . in Cambridge, Mass. 
WILLIAM N. AULT is now working at 
Co ., Worcester .. .. DAVID CIRKA teaches 
mathematics in the Athol-Royalston (Mass.) 
Regional School. .. . WILLIAM J. CLOUTIER 
serves as a support engineer at Stone & 
Webster in Boston . . . . WILLIAM E. CORMIER 
works as a research engineer at Mobil 
Research & Development, Paulsboro, N.J . . .. 
ALLEN D. CRANE is with New London 
(Conn.) Laboratory . . .. JAMES M. FOSTER 
works for General Electric in Schenectady, 
N.Y .... CHARLES W. KAVANAGH is a field 
engineer at Turner Construction in New York 
City .... ANNE LAFFAN's WPI master's thesis, 
rewritten as a paper, was accepted for pre-
sentation at the Second International Confer-
ence on Automatic Pattern Recognition 
which was held in Copenhagen , Denmark in 
August. Her thesis was: " A new tool for auto-
matic pattern recognition. " She is employed 
at Honeywell . 
1 / LT. EDWARD F. MAHER, a biomedical 
engineer at Brooks AFS, Texas with the Air 
Force School of Aerospace Medicine, is a 
member of a highly skilled team which is con-
ducting laser beam experiments. His special-
ized team identifies eye hazards associated 
with laser operations and develops adequate 
safety criteria and protective measures for 
those working with the laser . . . . KENNETH C. 
MUCCINO has been named assistant engi-
neer, Electric Operations, in the Connecticut 
Light and Power Company's Norwalk District 
operation . He joined the company last year in 
the electrical engineering department. . .. 
HIMANSHU V. PAN DE is a chemist at Willard 
India Ltd ., New Delhi , India. 
ELIZABETH C. POULIN , who was with 
Stone & Webster in Boston, is now a graduate 
student in mechanical engineering at WPl 's 
Alden Research Laboratories . . ALI 
SHAFIGH is studying for his MA in electrical 
engineering at Northeastern University, Bos-
ton . ... JOSEPH F. SIRECI , Jr., SIM , has 
joined the hand tools division of Litton Indus-
trial Products in New Britain , Conn. where he 
will be supervisor of manufacturing engineer-
ing. Most recently he was chief manufac-
turing engineer at Reed and Prince Mfg. Co. 
in Worcester. Previously he was chief engi-
neer at Donahue Industries in Shrewsbury ... . 
ROBERT R. WOOD heads Bobby Wood Rac-
ing Enterprises in Whitinsville, Mass. 
• Ja~~~~~~y 
Double-Seal Ball Valves 
Wafer-Sphere Butterfly Valves 
JFC Control Valves 
Jamesbu ry Co rp. • 640 Lincoln Stree t • W o rceste r, Moss . 0 1605 
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1974 
Married: DUANE R. ARSENAULT to Miss 
Sandra L. Bolduc on January 11 , 1974 in 
Gardner, Massachusetts. The bride is a 
receptionist for Dr. Raymond E. Levesque. 
The bridegroom is with Gem Industries, Inc., 
Gardner . . .. WILLIAM M. BLOCK to Miss Mari 
A. Ryan on June 8 in North Easton, Massa-
chusetts. Mrs. Block attended Anna Maria 
College in Paxton .... TOM H. FIELDSEND 
and Miss Vondelle Jean Fowler on July 21 , 
1974 in Hudson, Massachusetts. The bride, 
who works in the intensive care unit at Memo-
rial Hospital , Worcester, graduated from 
Framingham (Mass.) Union Hospital School 
of Nursing. Her husband is affiliated with 
Burns and Roe, Inc., Oradell , N.J. and is a 
member of the Professional Engineering 
Association .... GARY S. HILLS to Miss Ria J. 
Wijsbeek on June 1, 197 4 in Worcester. Mrs. 
Hills is an artist. The groom is attending grad-
uate school at the University of California in 
Berkeley . . . . ALAN C. JUDD to Miss Linda M. 
Menard on June 8 in Pemberton, New Jersey. 
Mrs. Judd attended Worcester State College. 
The bridegroom works at General Electric 
Co. 
Married: CHESTER KOTOWSKI and Miss 
Donna L. Conti on June 8, 1974 in Dudley, 
Massachusetts. The bride is a reg istered 
nurse. The groom is with du Pont deNemours 
Co., Kinston , N.C .. . . DENNIS M. LIBERIS to 
Miss Barbara A. Bisceglia on January 19, 
1974 in Worcester. Mrs. Liberis is employed 
by Wachusett Molding Co., West Boylston. 
Her husband is with Astra Pharmaceutical 
Products, Inc ... . JOHN R. MARTIN and Miss 
April Ann Bliss of Copake, New York on March 
30, 1974. He is with Monsanto Co., Indian 
Orchard , Mass .... MICHAEL S. 
MARTOWSKA and Miss Maureen M. Murray 
on August 10 in Windsor, Connecticut. The 
bride attended Annhurst College , Wood-
stock, Conn. The groom is a teaching assist-
ant at the University of Maryland in College 
Park. 
Married:TIMOTH Y F. MURRAY and Miss 
Kathleen M. Golden on August 3, 1974 in 
Manchester, Connecticut. Mrs. Murray is a 
teacher. Her husband is studying for his PhD 
in chemistry at Princeton University . ... JOHN 
E. O'CONNELL to Miss Martha S. Harte on 
June 29 in Framingham , Massachusetts. The 
bride attended Framingham State College 
and works for Oral Surg ical Associates. The 
bridegroom is a graduate student at Harvard 
University .... GARY G. PONTBRIAND and 
Miss Susan M. Lockhart on June 15, 1974 in 
Charlton , Massachusetts. Mrs. Pontbriand 
graduated from Charlton High School. Her 
husband is a management engineer with 
Bethlehem Steel Corporation . . . . STEPHEN 
N. THIBODEAU and Miss Linda A. Pearson on 
June 15 in Worcester. The bride, a reg istered 
nurse, is employed by Central Massachusetts 
Rehabilitation Center. The groom is a con-
sulting engineer at St. Vincent Hospital. .. . 
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GARY J. VELOZO and Miss Jacqualyn A. 
Little on June 9, 1974 in Spencer , Massachu-
setts. Mrs. Velozo attended Anna Maria and 
will continue studying at the University of 
Delaware. Her husband is with DuPont Co., 
Wilmington . 
SUBHASH BAJAJ is a forge engineer for 
General Electric in Rutland , Vt. . . . GARRY P. 
BALBONI works as a construction project 
management supervisor at the Perini Corp., 
Framingham , Mass . DAVIS 
BALESTRACCI , Jr., is with the department of 
chemical engineering at the University of Min-
nesota in Minneapolis ... . KENNETH E. 
BARNES is an associate staff member at 
Johns Hopkins University (applied physics 
lab.) in Silver Spring, Md . ... ALBERT E. 
BARRETT, Jr. has been employed by Pratt & 
Whitney Aircraft Co., electronics department, 
East Hartford, Conn . .. . ROBERT L. BARRY 
works at IBM Corp., East Fishkill , N.Y . ... 
BRUCE R. BEAUPRE is with BASF Wyandotte 
Corporation , Wyandotte, Mich. 
MICHEL R. BENOIT works as a process 
engineer at Pfizer, Inc. , Groton , Conn . . .. 
CLAYTON E. BOYCE is an assistant office 
engineer at Ebasco Services, Inc., Houston, 
Texas. Presently he is stationed at Cedar 
Bayou Generating Station of Houston Light-
ing and Power Company . ... JAMES M. 
BRIGGS is with the Naval Facilities Engineer-
ing Command in Philadelphia, Pa . . .. ROGER 
J. BROEKER , Jr. works for Catalytic , Inc., 
Philadelphia ... . THOMAS I. BURNS has been 
selected to serve as the 62d field secretary of 
the International Fraternity of Phi Gamma 
Delta for a two-year period . The fraternity , 
which is represented on 104 campuses in the 
U.S. and Canada, has a living membership of 
over 71 ,000 .... GARY CARVER has been 
accepted for graduate study at the University 
of Arizona where he will be an assistant at the 
Science Optical Laboratory. 
DAVID A. CASTELLI works for Xerox Cor-
poration , Webster, N.Y . .. . CHUAN J. CHEN is 
a graduate student studying under the 
Macromolecular Science Program at the 
Institute of Science and Technology at the 
University of Michigan in Ann Arbor .... JOHN 
D. CHIPMAN is employed by GTE Sylvania in 
Needham , Mass . as an electronic 
instrumentation engineer .... DAVID J. 
COURTEMANCE works for United Engi -
neers and Constructors, Boston . . .. GENE E. 
DeJACKOME is with Monsanto Co., Indian 
Orchard , Mass . . .. DAVID P. DEMERS has 
been employed by Firepro, Inc. , Wellesley 
Hills, Mass .... JOSEPH T. FORAND is a grad-
uate student in the chemistry department at 
Yale University, New Haven , Conn .... 
THOMAS L. GARABEDIAN has joined the 
Babcock & Wilcox Company's power genera-
tion group and is in the initial phase of a com-
pany-wide orientation program . He will be 
assigned to the fossil power generation 
division. Babcock & Wilcox is an international 
suppl ier of energy systems, engineered mate-
rials, and industrial automation systems for 
util ity, industrial, commercial , marine and 
government applications. 
DAVID A. GERTH is a graduate student at 
Tuck Business School , Dartmouth College, 
Hanover, N.H .... H. EDWARD GOETSCH 
works for the propulsion control systems 
group at Hamilton Standard Co., Windsor 
Locks, Conn .... GARY GOLNIK is at the Insti-
tute of Optics, University of Rochester (N.Y.) 
. . . IRENE B. JORDAN has been employed at 
the Badger Co ., a Raytheon Co. subsidiary, in 
Cambridge, Mass .. . . DAVIDS. KORZEC has 
accepted a fie ld engineering position with 
General Electric's Installation & Service Engi-
neering Operations, Schenectady, N.Y. He is 
a member of the American Society of 
Mechanical Engineers . ... SCOTT A. 
LePAGE is with General Electric , mechanical 
driveturbinedepartment, Fitchburg, Mass . . .. 
RICHARD P. LUDORFworkswith the electric 
power engineering department at RPI , Troy, 
N.Y . .. . Automation Industries, Danbury, 
Conn. , has employed DONN M. MATTESON. 
. . . HAROLD L. MAXSON has accepted a posi-
t i on w i th Charmin Paper Company , 
Mehoopany, Pa. 
HUGH A. McADAM Ill is employed by the 
International Paper Box Machine Company in 
Nashua, N.H ... . JOHN MICHOPOULOS 
works for Stone & Webster, Boston , Mass ... . 
WILLIAM H. MURWIN is with the computer 
division of the State Mutual Life Assurance 
Company of America in Worcester .. . . RUS-
SELL B. NABER serves as a chemical engi-
neer in the food products research 
department at Procter & Gamble Co., Cincin-
nati , Ohio . . .. CHARLES R. NICKERSON has 
a graduate assistantship in research . He is 
working at the Woods Hole Oceanographic 
Institution and also has a grant funded by the 
Office of Naval Research at WPI. ... MARKE. 
OSTERGREN has been assigned to the fossil 
power generation division at Babcock & Wil-
cox, Barberton, Ohio .. . . THOMAS J. SOCHA 
recently accepted a position in industrial 
engineering with Mercury Wire Products in 
Worcester ... . DAVID STEINER has joined W. 
R. Grace & Co ., an engineering firm in Cam-
bridge, Mass .... DAVID R. WASHBURN 
works for the United States Naval Civil Engi-
neering Division in Philadelphia .... MICHAEL 
GRAHAM is an assistant in the Industrial 
Re lations Department at Albany Inter-
national , Albany, N.Y . . . . ANTHONY TRIPOLI 
works for General Electric in Waterford , N.Y. 
HENRY C. WALTER, '00,of Fort Myers, Flor-
ida, a former instructor of electrical engineer-
ing at WPI , died on June 4, 1974 at the age of 
97. 
He was born on October 27, 1876 in Wash-
ington, D.C. After graduating as an electrical 
engineer from WPI, he went with General 
Electric in Schenectady and then taught at 
North Carolina State A & M College and 
Purdue University. As an instructor at WPI 
from 1904 to 1906, he designed the test 
equipment in the EE laboratory. Later he 
worked for Westinghouse Electric Co ., Allis 
Chalmers Mfg. Co., Fairbanks Morse, and 
Calco Chemical Co. In 1946 he retired as a 
design engineer from Crocker-Wheeler Co. 
Mr. Walter, who took up sailing atthe age of 
77 , had sailed his 30-foot sloop to Cuba. He 
was a world traveler and made a camping trip 
through Europe when he was 93. A year later 
he visited London. He made his first trip to 
Europe in 1895. 
He was a life member of AIEE and the father 
of James S. Walter, '40. He was considered to 
be the oldest living member of Phi Gamma 
Delta Fraternity. 
JOSEPH W. ROGERS, '01, died in West 
Brookfield, Massachusetts on June 10, 197 4 
at the age of 98. 
A native of Hyde Park, Mass., he studied at 
WPI and graduated as an electrical engineer 
in 1901 . After spending a year in the General 
Electric test department in Lynn, Mass., he 
joined the Pennsylvania Railroad where he 
retired as an assistant power director in 1938. 
He was a life-member of the Barre (Mass.) 
Historical Society. 
WALLACE L. FLAGG, '08, of Oroville, Califor-
nia died on February 9, 197 4. 
He was born on October 1, 1886 at Littleton, 
Mass. After studying at WPI , he became asso-
ciated with Cambia Steel Co ., the Chicago & 
Northwestern R.R., W.H. Schott Co ., 
Chicago, and the Cadillac Motor Car Co., 
Detroit. In later years he was self-employed . 
He belonged to Delta Tau , now Sigma Phi 
Epsilon fraternity. 
MOSES H. TEAZE, '17, philanthropist and a 
retired partner in the consulting engineering 
firm of H. S. Ferguson & Co., died in Norwalk, 
Connecticut on June 23, 197 4. 
He was born on January 26 , 1889 in 
Middletown, Rhode Island and graduated 
with a civil engineering degree from WPI in 
1917. During his lifetime he was associated 
with Westinghouse , Stone & Webster Engi-
neering Corp., and Great Northern Paper Co. 
In 1948 he retired as a partner in H. S. 
Ferguson & Co. (New York City), after 30 
years of service. 
Mr. Teaze, who belonged to ATO, Skull , 
Tau Beta Pi and Sigma Xi , was a life member 
of ASME, ASCE, American Ordnance Asso-
ciation , American Association for the 
Advancement of Science and the Engineer-
ing Institute of Canada. 
He also served as past president of the 
Mountainside Hospital , Montclair, N.J ., vice 
president of the New Jersey Hospital Associa-
tion , and past president of the Westport-
Weston (Conn.) Chapter of the American Red 
Cross. He was a founder of the Mid-Fairfield 
County Youth Museum and a lifelong member 
of the Weston Historical Association . 
WENDELL B. BATTEN, '22, passed away in 
Pittsburgh , Pennsylvania on June 30, 1974. 
He was 75. 
A retired electrical engineer for the West-
inghouse Corp. in East Pittsburgh , he was 
born on April 25, 1899 in Hardwick, Vt. He 
joined Westinghouse in 1922 and was section 
manager of the high power section in the 
engineering laboratories. 
Mr. Batten belonged to AIEE, Tau Beta Pi , 
and Sigma Xi. 
HOWARD P. PUTNAM, '23, of Woodstown, 
New Jersey, died of a stroke on July20, 1974. 
He was born on June 21 , 1900 in Worcester. 
In 1923 he graduated as a mechnical engi-
neer from WPI. Following graduation he 
joined Westinghouse Electric Corp. as a 
cadet engineer for a year. From 1924 until 
1943 he was a field engineer for the Bell Tele-
phone Co. of Pennsylvania. Later he became 
a partner in the Cottage Tea House in Bryn 
Mawr, Pa. 
Mr. Putnam belonged to the Main Line 
Chamber of Commerce, Rotary International , 
the Ph iladelphia Restaurant Association , Phi 
Gamma Delta and Skull. 
FREDERIC V. HASKELL, '26, passed away on 
August 4, 197 4 in Gladstone, New Jersey. He 
was 71 . 
Born in Worcester on June 1, 1903, he later 
graduated as an electrical engineer from 
WPI. After working for New York Edison Co., 
he joined Bell Labs in 1929 and for 25 years 
worked on the development of aerial cables 
and open wire systems. He was the holder of 
three patents on outside plant methods and 
tools. Before retiring in 1968 with 38 years of 
service, he developed improved methods of 
install ing telephone equipment between the 
central office and the subscriber. 
Mr. Haskell was a senior member of the 
Institute of Electrical and Electronics Engi-
neers and a former member of the planning 
board in Gladstone, N.J. He belonged to 
Sigma Phi Epsilon. 
GEORGE H. FINLAY, '28, of Towson, Mary-
land , died suddenly on August 13, 1974. 
Born in Clinton, Mass. on December 30, 
1906, he later studied mechanical engineer-
ing at WPI and graduated in 1928. From 1928 
until 1946 he worked his way up from an 
inspector to executive assistant at the Factory 
Insurance Association in Hartford, Conn. 
Later he was a general adjuster with Alexan-
der & Alexander, Inc., Baltimore, Md. 
He was a member of Theta Chi , the Mary-
land and national Society of Professional 
Engineers and the Baltimore Insurance 
Adjusters Association. A past president of the 
Philadelphia chapter of the Alumni Associa-
tion , he was also the father of William F. 
Finlay, '54. 
ELMER L. TAYLOR, '28, a former supervisory 
engineer and world-wide consultant for 
Norton Co., died in Clinton, Massachusetts on 
July 1. 
He was born on June 9, 1907 in Peacham, 
Vt. In 1928 he received his BSEE from WPI 
and joined Norton Co., Worcester. In 1931 he 
became foreman for Norton Grinding Wheel 
Co., Ltd. , in England. Later he was a labora-
tory chief for Norton in France and then a 
superv isor and a consultant in West 
Germany. 
Mr. Taylor belonged to Tau Beta Pi and 
Sigma Xi. A former selectman in Lancaster, 
Mass., he was a member of the town 's finance 
committee. 
GORDON B. GEORGE, '32, of Shrewsbury , 
Massachusetts, passed away on July 15, 
1974. 
Born on February 18, 1908 at Westboro , 
Mass., he was later a student at WPI. For sev-
eral years he was a supervisor at Lyman 
School for Boys in Westboro. At one time he 
was head of the science department at 
Saugus (Mass.) High School. He belonged to 
Theta Chi Fraternity. 
WP/Journal I October 1974 I 39 
JOHN W. GREENE, '32, executive secretary 
of the Central Massachusetts Chapter of the 
National Safety Council , died May 31 , 1974 in 
Holden , Massachusetts at the age of 63. 
He was a special adviser on highway safety 
to former governor , John A. Volpe. A 
mathematics teacher, he was also a physicist, 
a producer of educational films and a musi-
cian . He was a professional organist and had 
owned and developed Worcester's first 
piped-in music system. He had also helped 
operate the former Red Barn Theater and 
Lounge in Westboro. 
Mr: Greene, a general science graduate 
from WPI , was appointed manager of the 
Worcester Safety Council in 1948. He also 
served as secretary and member of the city 
manager's committee on traffic safety. A 
native of West Boylston, Mass. , he was a past 
public relations director of the Worcester 
Area Chamber of Commerce, an instructor at 
Classical and South high schools and 
Worcester Junior College. From 1943 until 
1946 he was a physicist in magnetic mine 
warfare at Philadelphia Navy Yard. 
He belonged to the American Society of 
Safety Engineers, the Worcester Musicians' 
Association, and served as assistant director 
of the Worcester Natural History Museum and 
as director of the Worcester Evening Adult 
School. 
GORDON E. BARNES, '33, of Reading , Mas-
sachusetts, died suddenly at work on January 
10,1974. Hewas64. 
He was a native of Hardwick, Mass. and an 
electrical engineering graduate from WPI. 
During his career he was with San-Nap-Pack 
Mfg., Co., Eastern Oil Co., American Steel & 
Wire Co., Eastern Gas & Fuel Associates of 
Everett, Mass. and the Boston Gas Co. He was 
a registered professional engineer in Massa-
chusetts and a member of Theta Chi 
Fraternity. 
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GEORGE V. UIHLEIN, Jr., '45, dean of men at 
Loyola College, Montreal , Canada, died on 
June23, 1974. Hewas49. 
After graduating from WPI as a chemist in 
1945, he served as a chemical engineer in the 
Naval Ordnance Laboratories, Washington , 
D.C. From 1945 to 194 7 he was an instructor 
at WPI . Later be became executive di rector of 
Phi Kappa Theta Fraternity, an account exec-
utive with Hanrahan and Co. , and vice presi-
dent of Bay State Savings Bank, Worcester. 
He was born on Sept. 2, 1924 in Mountain 
View, N.J. In 1947 he received his MS from 
WPI. While an executive with Phi Kappa 
Theta, he established its headquarters in 
Worcester. In May he was awarded the distin-
guished service award of Phi Kappa Theta 
Fraternity. 
Mr. Uihlein was elected national president 
of the College Fraternity Secretaries Associa-
tion and president of Phi Kappa Theta 's Inter-
national Education Foundation. He belonged 
to the American Chemical Society, Sigma Xi , 
Tau Beta Pi , Pi Delta Epsilon, and the Cana-
dian Association for Student Affairs. 
WILLIAM F. HEINZ, '66, was killed on June 
14, 1974 in Penacook, New Hampshire when 
his motorcycle skidded into a tree. Hewas39. 
HewasbornonMay21 , 1935inNewHaven, 
Conn. and graduated from WPI with a mas-
ter's degree in 1966. A physics teacher at 
Concord (N.H .) High School, he had also 
received a degree from Plymouth State 
College. 
Mr. Heinz, who was a member of the State 
Golfers Association , was a ci ty golf 
champion . He belonged to the National Physi-
cist Association , the Concord Teachers 
Association , the Athletics Association and 
taught driver education. 
The trick is to find a high-quality quad receiver 
at a low price. 
We think we have that receiver. In fact, we think 
we have four of them, each one an outstanding buy 
within its price category. They're all listed below 
with their prices and most important specs. All you 
have to do is decide which one is best for you. 
$329.95* 4 x 7 .5 watts continuous (RMS) power into 
8 ohms from 30Hz to 20kHz at less than 1 % total 
harmonic distortion. 2 x 15 watts continuous (RMS) 
power in special stereo bridge mode. IM distortion at 
rated continuous output is less than 1 % . Frequency 
response is 20Hz-20kHz at tape input -+- 1.5 db. An 
exceptional FM sensitivity of 2.3 µ,v. Plus many 
features. Model RQ 3 7 45. 
$379.95* 4 x 15 watts continuous (RMS) power into 
8 ohms from 20 Hz to 20kHz at less than 1 % total 
harmonic distortion. 2 x 30 watts continuous (RMS) 
power in special stereo bridge mode. IM distortion at 
rated continuous output is less than 1 % . Frequency re-
sponse is 20Hz-20kHz at tape input ± 1.5db. FM sen-
sitivity of 2.3 µ,v. Plus many features. Model RQ 3746. 
$499.95* 4 x 25 watts continuous (RMS) power into 
8 ohms from 20Hz to 20kHz at less than 0.5% total 
harmonic distortion. 2 x 60 watts continuous (RMS) 
power in special stereo bridge mode. IM distortion at 
rated continuous output is less than 0.5 % . Frequency 
response is 20Hz to 30kHz at tape input -+- 1.5db. 
FM sensitivity is an exceptional 1.9 µ,v. Full function 
jack panel. Walnut veneer cabinet. Plus many other 
features . ModelRQ 3747. 
$599.95* 4 x 50 watts continuous (RMS) power into 
8 ohms from 20Hz to 20kHz at less than 0.5 % total 
harmonic distortion. 2 x 125 watts continuous (RMS) 
power in special stereo bridge mode. IM distortion at 
rated continuous output is less than 0.5 % . Frequency 
response is 20Hz to 30kHz at tape input -+- l .5db. 
Outstanding FM sensitivity of 1.9 µ,v. Full function 
jack panel. Walnut veneer cabinet. Plus many other 
features. Model RQ 3748. 
If you like what you see and what you read, go to 
your Sylvania dealer. When you're there, you'll like 
what you hear. 
*Manufacturer's suggested retail price. 
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